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The Ground Waler Resources of Pulnam Gounly, New York 


By I. G. GROSSMAN 


ABSTRACT 


Putnam County comprises an area of 235 square miles in the Hudson Highlanc'
 in 
the southeastern part of N ew York State. The climate is humid continental, the normal ar,nual 
temperature being about 48°F and the mean annual precipitation, about 47 inches. 
Ground-water supplies are obtained both from consolidated rocks, which underlie the 
entire county, and from unconsolidated deposits which are relatively thick in valleys but 
thin or absent in uplands. The consolidated rocks range in age from Precambrian to Oriovi- 
cian and are almost entirely crystalline, consisting principally of granite and gneiss and lesser 
amounts of diorite, schist, and marble. The average yield of wells in bedrock ranges from 
10 gpm for wells drawing water from the marble to 19 gpm for wells drawing water froD1 the 
diorite. The median dissolved-solids content of water from the noncalcareous rocks ra nges 
from 120 ppm for the granite and gneiss to 143 ppm for the schist. The median iron content 
of water from the same rocks ranges from 0.13 ppm for the diorite to 0.29 ppm for the schist. 
The median dissolved-solids and iron contents of water from the marble are 293 and 0.10 
ppm, respectively. 
, The unconsolidated deposits consist of till, gravel, sand, and clay. The till, whirl} is 
unstratified, ranges in thickness from a few feet to more than 100 feet and underlies most 
hillsides and hilltops and some valley areas. Stratified deposits consisting of sand and gravel 
or silt and clay are generally thin and are restricted to the larger valleys. Water supnlies 
adequate for small domestic and farm needs generally can be obtained from dug wells pene- 
trating till. Supplies adequate for small municipal or industrial needs can be obtained in 
favorable localities from deposits of stratified sand and gravel. Water from the unconsolic'ated 
deposits is similar in chemical quality to water from the underlying bedrock. 
Ground water is the principal source of supply for farms, rural homes, and SUD1mer 
camps. It is used also for a few small industrial and public supplies. The total use of ground 
water in the county in 1950 is estimated to have averaged about 500,000 gallons a day. There 
are no known areas in which the supply is being critically depleted, and the overall supply 
is not only adequate for present demands but is capable of supporting substantially larger 
demands in the future. 


INTRODUCTION 


Purpose and Scope of Report 
The investigation of ground-water conditions in Putnam County is part of a connty- 
by-county study of the ground-water resources of New York State which is being made by the 
United States Geological Survey in cooperation with the New York Water Power and Control 
Commission. The purpose of these investigations is to assemble and evaluate information or the 
source, occurrence, availability, and quality of ground water. The index map (fig. 1) s],
ws 
Putnam County and other areas in which similar investigations have been or are being Jr
de. 
Reports already published are listed on the back cover of this report. 
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The importance of ground water in Putnam County is demonstrated by the fact that 
most farms, rural homes, camps, and some industries and public water systems are depen- 
dent upon wells or springs for their water supply. Although the largest public water supplies 
are obtained from streams or lakes, the trend in recent years has been to supplement some 
of these supplies with ground water as the need for additional water arises. The build
ng of 
new homes and the development of additional industries will doubtless result in a cont
nuing 
increase in the use of ground water. 
The work on which this report is based consisted of the following phases: 
1. Collection of information on the location, depth, diameter, yield, and other perti- 
nent facts for approximately 900 wells and test holes. Similar data were collected for 120 
springs. Records of about 350 representative wells are given in table 19 and records of more 
than 60 springs are given in table 20. 
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Figure I.-Index map of New York showing location of Putnam County and other areas in the St...te for 
which reports have been published or where investigations are in progress. 
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2. Periodic or occasional measurements of water levels in selected wells to detennine 
progressive trends and the magnitude of seasonal and other fluctuations. 
3. Collection and analysis of water samples from wells and springs for determination 
of chemical characteristics. 
4. Field examination of the bedrock and surficial deposits of the area to supplenlent 
existing geologic maps. 
. 
5. Compilation of data on the use of ground water. 
The field work on which this report is based was done under the supervision of F, S. 
Asselstine and M. L. Brashears, Jr., formerly Geologist in Charge and District Geologist, re- 
spectively, of the Ground Water Branch, U. S. Geological Survey. The report was preprred 
under the direct supervision of Ralph C. Heath, Geologist in Charge of the Albany office and 
under the general supervision of Joseph E. Upson, District Geologist. John C. Thompson rep- 
resented the State as Executive Engineer for the New York Water Power and Control C 1 1m- 
mission. 


All water samples collected as a part of the investigation were analyzed either by the 
laboratory of the New York State Department of Health, Albany, N. Y., or the laborator: T of 
the Quality of Water Branch, U. S. Geological Survey, Washington, D. C. 


Previous Investigations 


A summary of the early geologic work in Putnam County, which was confined chiefly 
to mines and quarries, was prepared by Beck (1839). A general study of the entire county was 
made by Mather (1843) as part of his survey of the First Geological District. A brief report 
by Berkey (1907) presents preliminary results of work on the crystalline rocks of sO'lth- 
eastern New York, and a more detailed report by Berkey and Rice (1921) describes the 
bedrock geology of the West Point quadrangle, which includes the western half of Putnam 
County. Reports by Balk (1932 and 1936) describe the structural geology of the bedroc1- in 
the Clove and Carmel quadrangles, which include the eastern part of the county. The pE'
ro- 
logy and metamorphism of the Paleozoic rocks in the same quadrangles are described in a 
report by Barth (1936). A report by Fluhr (1950) contains the results of recent studie
 of 
the consolidated rocks in the southern part of the Carmel quadrangle and adjacent areas. 
Mapping of the bedrock in the Carmel quadrangle by John Prucha, formerly of the Pew 
York State Geological Survey, and mapping of selected areas of granite in the West P')int 
quadrangle by Simon Schaffel, of the City College of New York, was in progress in 1955. 
The meager information on the surficial deposits provides a sharp contrast with the 
detailed mapping of the bedrock. A field study of the drainage modifications and glaciation 
that was made by Harvey (1920) in the Danbury, Conn., area includes a small part of sO'tth- 
eastern Putnam County. An investigation of the geomorphology of the western third of the 
West Point quadrangle was made by Thompson (1936). Peltier (1939) mapped the surf
ial 
geology of the Clove Creek valley in the northwestern part of the county. 
This report is the first to describe the ground-water resources of the entire county, 
although several previously published reports contain useful hydrologic information. A report 
by Burr, Hering, and Freeman (1904) describes the surface-water resources in and near 
Putnam County. A report by Weeks (1903, p. 184) contains records of a few wells in the 
county. A later report by Weeks (1905, p. 82) on the ground-water resources of the State in- 
cludes a brief discussion of the occurrence of ground water in some of the water-bearing 
formations of the county. 
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No effort has been made to prepare a complete bibliography because extensive refer- 
ences are included in the various geologic reports referred to above. The list of ref,
rences 
cited at the end of this report includes only those papers referred to in the text. 
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Well-Location System 
The locations of wells and springs for which records are contained in this rep
rt are 
shown on plate 1. The wells and springs are arbitrarily numbered in the order in which the 
records were collected, beginning with P 1. As an aid in locating wells on maps of Ne
v York 
State, longitude lines at 15-minute intervals have been lettered consecutively from '
Test to 
east, beginning with "A" for meridian 79°45' and ending with "Z" for meridian 73°30'. Sim- 
ilarly, latitude lines have been numbered at 15-minute intervals from north to south, be,'!inning 
with "I" for parallel 45°00' and ending with "17" for parallel 41 °00'. The coordinate letters and 
numbers used to locate wells in Putnam County are shown on the well location map (pI. 1). 
Intersections of the coordinates form points from which wells and springs can be located by 
direction and distance. For example, well P 1 (15X, 4.1S, 1.3E) can be found by locat
,ng the 
point where lines "15" and "X" cross and measuring 4.1 miles south and 1.3 miles east. The 
coordinates, distances, and directions for each well and spring location are shown in the 
tables of well and spring records, tables 19 and 20. The "P" has been omitted in each well 
and spring number on plate 1 because all are in Putnam County. 


GEOGRAPHY 


Location and Setting 
Putnam County is in southeastern New York State, approximately 45 miles north of 
New York City and 100 miles south of Albany. It is one of a row of counties east of the Hudson 
River which border on the New England States. Most of the county lies between meridians ' 
73°32' and 73°59' west longitude and parallels 41 °20' and 41 °31' north latitude. 


1 Deceased, formerly with the New Mexico Institute of Mining and Technology, Socorro, N. Mex. 
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The county is bordered on the north by Dutchess County, on the east by the State of 
Connecticut, on the south by Westchester County, and on the west by the Hudson River. It 
contains 235 square miles, making it the eighth smallest county in the State. Putnam County 
is divided into six townships-Carmel, Kent, Patterson, Phillipstown, Putnam Valley, and 
Southeast. The largest towns are Brewster, Cold Spring, and Carmel, with populations of 1,810, 
1,788, and 1,526, respectively. The total population of the county in 1950 was 20,307 acc,rd- 
ing to the United States Census. Several thousand temporary residents are added to the reg'.tlar 
population during the summer months. 


Topography 
Most of Putnam County is in the Hudson Highlands, a belt of low mountains in the 
New England physiographic province (Fenneman, 1938) lying south of the Taconic R
nge 
of eastern New York and western Massachusetts, and continuous southwestward with the Pew 
Jersey Highlands. Altitudes in the county range from a high point of 1,420 feet above sea 
level at Bull Hill, about 1 mile east of the Hudson River and 1 mile north of Cold Spring, to 
only a few feet above sea level along the river. The Hudson flows in a deep gorge which has 
been cut through the highlands. Much of the eastern side of this gorge is bordered by a terrace 
having an altitude of about 180 feet above sea level. This terrace ranges in width from less 
than 0.2 mile at Manitou, in the south, to about 1 mile at Cold Spring. A smaller, hifher 
terrace is situated east of Garrison at an altitude of about 400 feet. Parts of these terraces 
are capped by sand and gravel. · 
Most of the western half of the county consists of a series of northeast-trending rir ges 
and valleys underlain by granite and gneiss. The ridges rise to altitudes of 1,000 feet or mf)re, 
the highest ridges being near the northwestern border. The intervening valleys are narrow 
and generally straight. The larger valleys, such as that of Canopus Creek, have devel(J ped 
along faults or narrow belts of relatively weak sedimentary rocks. 
The topography of the eastern half of the county is similar to, but generally less rugged 
than, that of the western half. Only a few hilltops are more than 1,000 feet above sea lE:
7el, 
and the valleys are commonly broader and shallower than in the west. 


Drai nage 
Putnam County is in the Hudson River drainage basin. Water from the western hal
 of 
the county is discharged principally by numerous small streams flowing directly into the Hud- 
son River or into Canopus Creek and Peekskill Hollow Creek, 1 which unite and join the 
Hudson River in Westchester County. The major streams in this area flow south or southw
st- 
ward. The eastern half of the county is drained by several branches of the Croton River. Tl'
se 
branches unite near the county line, southwest of Brewster, to form the Croton River which 
flows southwestward to join the Hudson in Westchester County. Much of the water that would 
ordinarily flow into the Hudson via the Croton River is impounded as part of the water supply 
of New York City. 


The major streams, including the Hudson River, Peekskill Hollow Creek, and the V'-ist 
Branch of the Crotop River, generally flow in, or near, preglacial stream valleys determined 
by the structure or composition of the underlying bedrock. Some of the smaller streams follow 
courses resulting principally from glacial action. Many of the numerous lakes and swamps 
in Putnam County occupy valleys that were cut by preglacial streams and subseque'1tly 
dammed by glacial deposits. 


1. Streams. lakes. and other geographic features are shown on the well-location map. plate 1. 
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Table 1_Miscellaneous discharfje measurements of streams in and near Putnam Coun
y. N. Y. 
(Measurements by U. S. Geological Survey) 


Discharge 
Stream Point of discharge Drainage area Date (cubic f 
et per 
measurement (square miles) second) 
Annsville Creek Near Peekskill 3.52 3-25-54 7.53 
9-30-54 3.57 
Arden Brook At Ganison 1.08 9-28-54 1.24 
Arden Brook At Ganison .06 3-24-54 .28 
-tributary 
Canopus Creek 1 At Continental 14.5 3-25-54 34.5 
Village 9-30-54 17.0 
Castle Rock Brook At Glenclyffe .24 3-24-54 .67 
9-29-54 .28 
Copper Mine Brook N ear Manitou .58 3-25-54 1.13 
9-29-54 .65 
Curry Brook At Manitou .55 3-24-54 1.06 
School 9-30-54 .46 
East Branch Croton At Patterson 17.6 3-25-54 37.7 
River 9-29-54 9.24 
10-16-55 2,310 8 
do. 2 At Brewster 79.5 10-15-55 8,130 8 
do. 2 At Croton Falls .... 3-24-54 72.7 
East Branch Croton At West Patterson 3.85 3-25-54 9.20 
River-tributary 9-29-54 3.11 
Foundry Brook N ear Cold Spring 1.65 3-25-54 3.64 
do. At Cold Spring 5.36 3-24-54 8.45 
9-29-54 2.64 
Indian Brook N ear Cold Spring 4.63 3-24-54 7.02 
9-29-54 3.08 
Mohegan Outlet At Oregon 1.83 3-24-54 3.62 
9-29-54 4.20 
Muscoot River 2 N ear Baldwin Place 12.9 3-24-54 19.1 
9-29-54 19.9 
Peekskill Hollow At Oregon 42.6 3-24-54 82.7 
Creek 9-30-54 41.2 
do. Near Peekskill 48.2 1-24-53 848 8 
2-25-53 90.4 
10-15,16-55 3,200 3 
Philipse Brook N ear Garrison 3.02 3-24-54 7.25 
9-29-54 3.17 
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Table 1.-Miscellaneous discharge measurements - (Continued) 


Discharge 
Stream Point of discharge Drainage area Date (cubic feet f'
r 
measurement (square miles) second) 
Philipse Brook N ear Garrison .23 3-24-54 .35 
-tributary 
Plum Brook At Lake Lincolndale 1.67 3-24-54 3.28 
9-29-54 1.55 
Plum Brook At Lake Lincolndale .27 3-24-54 .61 
-tributary 9-29-54 .12 
Quaker Brook Near Haviland 10.1 3-25-54 22.7 
Hollow 9-29-54 4.83 
10-16-55 3,040 3 
Shrub Oak Brook At Adams Corners 9.27 3-24-54 17.9 
9-29-54 11.0 
Stump Pond At Ludingtonville 5.33 3-25-54 10.8 
Stream 9-29-54 4.34 
Sugarloaf Brook N ear Manitou .40 3-25-54 .76 
School 9-29-54 .34 
Watermelon Creek N ear Lake Lincoln- 1.06 3-24-54 2.70 
dale 


1 Formerly known as Sprout Creek. 
2 Regulated by New York City Board of Water Supply. 
3 Peak discharge during flood of October 1955. 


The Hudson River is the only navigable stream in the county. Its channel is about 1 
mile wide upstream in Dutchess County, but less than 0.5 mile wide throughout much of its 
course along the west side of Putnam County. The river contains brackish water througl'
ut 
its extent in the county, and its level fluctuates in response to ocean tides as far north as the 
locks of the barge canal at Troy, 100 miles north of Putnam County. 


The Surface Water Branch of the U. S. Geological Survey, in cooperation with the Pew 
York State Department of Public Works and other State and Federal agencies, measures the 
flow of streams throughout the State. These measurements are published annually in the 
water-supply papers of the U. S. Geological Survey. Although there are no permanent stream- 
gaging stations in Putnam County, miscellaneous measurements of stream discharge vrere 
made at 25 stations in and near the county in the spring and fall of 1954. Table 1 lists the 
stations and the discharges. Table 1 also shows discharge measurements that were made 
during the destructive floods in October 1955. The measurements made in the spring of 
1954 show generally higher flows than those made in the fall because of the increased runoff 
resulting from spring rains and the melting of snow. The September measurements are close 
to, or at, the base flow of the streams and probably reflect the ground-water discharge rather 
closely. 
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B. WEST POINT 
Figure 2.-Monthly maximum. average. and minimum temperatures and precipitation at Carmel and West Point. 
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Climate 
The climate of Putnam County is humid continental and is characterized by long, cold 
winters, short, warm summers, and abundant precipitation. The U. S. Department of C,>m- 
merce, Weather Bureau, maintains stations at Boyd Corners, Carmel, East Branch, Middle 
Branch, and White Pond, in the eastern and central parts of the county. Although no stat
()ns 
have been maintained in the western part of the county, records have been collected since 
about 1840 at West Point across the Hudson River in Orange County. Monthly maximum, 
average, and minimum temperatures and precipitation at Carmel and West Point are sh()wn 
in flgure 2. 
In general, precipitation increases with altitude. According to the records of the U. S. 
Weather Bureau, the normal annual precipitation at Middle Branch (altitude 380 feet) is 
46.06 inches, at Carmel (altitude 500 feet) 47.40 inches, and at Boyd Corners (altitude 560 
feet) 49.29 inches. Precipitation is rather evenly distributed throughout the year alth(,
lgh 
it is slightly greater during the summer than in the other seasons. A substantial part of the 
precipitation consists of snow. According to Mordoff (1949, p. 68), the mean annual snovrfall 
at Carmel during a 46-year period was 42.8 inches. 
The normal annual temperature at Carmel is 48.5 OF. According to the Y earboo
 of 
Agriculture (1941, p. 1,027) the lowest temperature recorded at Carmel was -24°F. and 
the highest was 103°F. The average date of the last killing frost at Carmel is April 29 and 
the average date of the first killing frost is October 14. Thus, the average length of the g:
ow- 
ing season is 168 days. At West Point, the average dates of the last and first killing frosts are 
April 19 and October 30 and the average length of the growing season is 195 days. 


GEOLOGY 
Ground water occurs in all the different rock formations in Putnam County. WiU' re- 
spect to ground-water occurrence, these formations are placed in two major groups: (1) con- 
solidated rocks which range in age from Precambrian to Ordovician, and (2) unconsolid
ted 
deposits of Pleistocene and Recent age. The areas underlain by the different formations com- 
prising the consolidated rocks are shown on plate 2. These rocks underlie the entire co'
nty 
and crop out on steep hillsides and on many hilltops. In the remainder of the county, the con- 
solidated rocks are overlain by unconsolidated deposits which range in thickness from a few 
feet on slopes and hilltops to more than 100 feet in some of the larger valleys. The areas 
underlain by the different types of unconsolidated deposits are shown in figure 3. The prin- 
cipal events that have taken place from the time of deposition of the oldest sedimentary r')cks 
to the present are briefly described in the following paragraphs. Although this report is a 
cooperative product of the New York State Water Power and Control Commission and the 
u. S. Geological Survey, the geologic nomenclature does not necessarily follow that of the 
U. S. Geological Survey. 


Geologic: History 
The deposition of the oldest sedimentary rocks in the county began with the accumu- 
lation of clayey and limy muds and sands in a sea during Precambrian time, more than 500 
million years ago. After deposition, these sedimentary strata were subjected to extreme heat 
and pressure which accompanied the intrusion of extensive masses of granite and die rite. 
The sediments were metamorphosed by the heat and pressure to form a gneiss. The gnei
s is 
so intricately intruded by granite that the two rock types are scarcely distinguishable and 
are shown as "granite and gneiss, undifferentiated" on the geologic map, plate 2. Th
 in- 
trusions of granite and diorite were followed by a long period of erosion during which the 
area was reduced to a low plain. 
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During the Cambrian - the first period of the Paleozoic era - the sea once again 
advanced over the area. A thick mass of sediments, consisting of sand and limy mud were 
deposited on the sea floor. Deposition of limy mud and of clay continued into the succ
eding 
Ordovician period. These sediments were subsequently consolidated into sandstone, lim
stone, 
and shale. At the end of the Ordovician the beds of sandstone, limestone, and shale were 
folded, metamorphosed, and elevated above sea level during a mountain-making e"11sode 
known as the Taconic orogeny. The uplift accompanying the Taconic orogeny was followed 
by another long period of erosion. Intermittent erosion and deposition probably continued 
in the general area during the remaining periods of the Paleozoic era, although no known 
sedimentary rocks younger than the Ordovician have been preserved in Putnam Courty. 
At the end of the Paleozoic era the rocks in the county were again folded and were 
broken and displaced by thrust faults during large-scale crustal movements which have been 
termed the Appalachian revolution. In the succeeding Mesozoic era, the area was eroied to 
a lowland. However, crustal disturbances in Triassic time, during which rocks in areas to the 
northeast and southwest were faulted, also may have affected the rocks in the county. The 
many pegmatite and basic dikes that cut the Palezoic rocks may have been intruded in this 
period of the Mesozoic era. The intrusions and mountain-building forces changed bo
h the 
older Precambrian rocks, and the younger Paleozoic rocks. The sandstone was metamorphosed 
to quartzite (Cheshire quartzite), the limestone to marble (Stockbridge limestone), and the 
shale to phyllite and schist (Hudson River formation). 
All the consolidated rocks, from the Precambrian gneiss to the Hudson River forma- 
tion, are fractured and folded. The axes of the folds strike northeast, as do the faults, for both 
resulted from action of the same mountain-making forces. Faults are common in the county, 
especially at the northern and southern margins of the highlands where both thrust faults 
and normal faults occur. The thrust faults generally dip eastward or southeastward. The geol- 
ogic map, plate 2, shows faults only in the western half of the county. Major faults are known 
to exist in the eastern half of the county also (Balk, 1936, p. 744), but so far as know"l they 
have been mapped only in a small area around Patterson. 
In the Cenozoic era, the most recent era in the earth's history, the land was again 
elevated, and a new cycle of erosion began. During the past million years of this f
a, in 
Pleistocene time, continental glaciers advanced across most of the State two or more times. 
The general direction of ice movement was south or southeast. It is believed that at times 
the ice sheet was thick enough to cover completely the highest peaks in the Adirondack and 
Catskill Mountains, as well as the Hudson Highlands. Thick deposits of till, unsorted and un- 
consolidated material ranging from fine clay to large boulders, which was laid down directly 
by the ice, mantle most of the county. During and after the melting or wasting of t],
 ice; 
gravel, sand, and silt were deposited in the stream valleys. At many places these deposits 
blocked stream channels, resulting in the formation of lakes and swamps in which silt, clay, 
some peat, and other fine-grained deposits were laid down. Mter the ice disappeare1, the 
land was partially re-elevated. The uplift rejuvenated the streams, which are again at work, 
in Recent time, wearing away both glacial debris and exposed bedrock. 
Rock Units 
As indicated in the preceding paragraphs, the consolidated rocks underlying P'ltnam 
County consist of several distinct formations. The areas underlain by these formatio"ls are 
shown on plate 2, and their lithologic characteristics and water-bearing properties ar
 sum- 
marized in table 2. The unconsolidated deposits consist of four distinct types, three of Pleis- 
tocene age and one of Recent age. The areas underlain by the two principal Pleistocene de- 
posits are shown on figure 3 and the lithologic characteristics and water-bearing pro
erties 
of all the rocks are summarized in table 2. 
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Consolidated Rocks 
The bedrock underlying the county may be divided into two principal grou:os; (1) 
highly metamorphosed rocks of Precambrian age, and (2) moderately metamorphosr1 rocks 
of Paleozoic age. The older, Precambrian rocks, are made up of a variety of rock tTpes in- 
cluding granite, syenite, diorite, gneiss, and schist. The younger, Paleozoic rocks likewise 
consist of several types including quartzite, marble, phyllite, and schist. 
Investigations of the ground-water resources have shown that there are significant 
dIfferences in the water-bearing properties of the principal types of consolidated rod"s. Each 
of the principal types differentiated in table 2 is discussed separately in the followir 1- para- 
graphs. 
Granite and gneiss, undijJerentiated.-About nine-tenths of Putnam County if under- 
lain by a northeast-trending mass of igneous and metamorphic rocks of Precambrian age con- 
sisting chiefly of granite and gneiss. The gneiss contains some schist and in a few arer
, small 
lenses and stringers of marble. The bodies of gneiss and schist were called Grenville gneiss 
and schists by Berkey and Rice (1921), who subdivided the granites on the basis of mineral 
composition into the Canada Hill, Reservoir, Mahopac, and Storm King granites. 
Balk (1932 and 1936) mapped the same rocks in the eastern part of Putnam County 
and made a detailed study of their structure. In his reports, and in a report by Barth (1936), 
the granite and gneiss were combined into one major group; undifferentiated Precambrian 
gneiss. Because these rocks have not been separately mapped in the eastern part of the county 
and because there does not appear to be any significant difference in the water-bearin g prop- 
erties of the granite, gneiss, and schist, all are grouped together in this report unier the 
label granite and gneiss, undifferentiated. However, in tables 14, 15, 19, and 20 the source of 
water for individual wells and springs is shown as either granite or gneiss, as the case may 
be, on the basis of field observation or existing geologic maps. 
In physical appearance, most of the unit consists of light and dark minerals presenting 
a speckled appearance (granite) or arranged in layers (gneiss). The light minerals are chiefly 
quartz, white, gray, and reddish feldspar and muscovite mica. The dark minerals are prin- 
cipally hornblende, biotite mica, and garnet. Extensive and readily accessible expos'lres of 
gneiss can be seen in the cuts of the New York Central Railroad along the east side of the 
Hudson River and along State Highway 9D south of Garrison. The granite is most cO:'1lmonly 
medium grained, except locally where the mineral grains are several inches in diameter. 
These coarse-grained phases, referred to as pegmatites, are easily distinguishable from the 
principal granite mass and thus more clearly show the folding and fracturing that rave de- 
formed all the granite. Exposures of granite may be observed in the prominent ridge north of 
Cold Spring. The granite and gneiss are more resistant to weathering than the r')cks of 
Paleozoic age. This difference is reflected by the more rugged topography and higl'
r alti- 
tudes in those areas underlain by the older rocks. Balk (1936, p. 736) noted that the axes of 
the folds in the gneiss generally pitch toward the northeast. Most of the layers strike northeast 
parallel to the long axis of the Hudson Highlands, and dip steeply to the southeast. 
Table 3 (Lowe, 1950, p. 146) shows the chemical and mineral composition of samples 
from the Canada Hill granite and Storm King granite. Although the samples were collected 
in Orange County, the analyses are believed to be representative of the composition of the 
granite in Putnam County. 
Pochuck diorite.-The oldest rock in Putnam County known to be entirely of igneous 
origin is a diorite or dioritic gneiss which crops out in a broad belt extending from Lake 
Peekskill to Oscawana Lake and in smaller belts, principally to the north and west. This 
diorite is younger than the Precambrian sedimentary rocks mapped by Berkey as G-enville 
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Table 3.-Chemical and mineral composition of the Canada Hill and 
Storm King granites. 
(after lowe, 1950, p. 146) 


. 


A. Chemical composition 1 


Determination Canada Hill Storm King 
granite 2 granite a 
Si0 2 ............................................................................ .. 72.39 73.35 
AhOa ................................................................................ .. 15.48 13.07 
Fe20a .............................................................................. .. .17 .74 
FeO ................................................ ................................... 1.66 2.29 
MgO .................................................................................. .. .42 .08 
CaO ............ ....................................................................... 1.96 1.11 
N a 2 0 .................................................................................. .. 5.02 2.98 
K 2 0 ........................................................................................ .. 2.20 5.62 
H 2 O ................................................ .33 .23 
Ti0 2 ...................................................................................... .. .24 .20 
P2 0 5 ................................................................ .. .08 .06 
MnO .............................................. .. .05 .03 
Total ............................... . 100.00 99.76 


B. Mineral composition 


Name Canada Hill Storm King 
granite 2 granite a 
Quartz ........................................... . 29.16 30.70 
Orthoclase .. ...... ... ......... ............ ... ... 12.79 33.25 
Albite ................................................. .. 42.44 25.15 
Anorthite ....................................... . 9.17 5.14 
Corundum ...................................... . 1.53 .18 
Apatite ........................................... . .20 .13 
Diopside .. ..... ..... ........ ...... ...... .... ... ... .... ... . 
Hypersthene ........ ........................... 3.75 3.51 
Magnetite ... ... ................ ..... ....... ...... .23 1.07 
Ilmenite ................................ ..... ..... .46 .38 
Water ........................................... ...... .33 .23 
Total ............................... . 100.05 99.74 


1 Percent by weight. 
S Canada Hill granite, collected at an altitude of about 540 feet &Jong U. S. Highway 6 on Bear 
Mounta.in, Orange County. 
3 Storm King granite, collected at an altitude of 930 feet along Perkins Memorial Drive on Bear 
Mountain, Orange County. 
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gneiss and schist. He (1921) correlated it with the Pochuck diorite of New Jersey. T]'
 only 
diorite mapped by Balk in the eastern part of the county consists of a small mass near Peach 
Lake, in the southeastern part of the county. This mass appears to intrude the Hudsor River 
formation and was believed by Balk (personal communication) to be younger than the Po- 
chuck. However, because the area underlain by this diorite is relatively small, it is ir
luded 
with the Po chuck in this report. In addition, the Croton Falls hornblendite (Balk, 1936, r. 757), 
which underlies a small area 3 miles southwest of Brewster, also is included with the Pochuck 
diorite. 
The diorite looks like a gray, banded granite. The chief minerals are plagioclar
 feld- 
spar, hornblende, and pyroxene. Some biotite mica and quartz are present locally. The' texture 
of the Pochuck varies and is locally pegmatitic. The strike of the banding in the dior
te and 
the long axes of the principal diorite bodies trend northeast, in conformity with the r
gional 
structure. 
Cheshire quartzite.-A compact, strong quartzite named for its type locality at Cl'o.shire, 
Berkshire County, Mass. (Emerson, 1917, p. 32-34), crops out at a few localities in south- 
eastern New York State. This quartzite has been called the Poughquag quartzite by Berkey 
(1907, p. 369) and other geologists working in New York. It unconformably overlies the 
Precambrian granite and gneiss and is the oldest Paleozoic rock in the county. The largest 
outcrops of the Cheshire are in the western third of the county ( pI. 2). These consist of a 
small area on the northern border of the county near the intersection of the 73°50'W. longi- 
tude line with the Dutchess County line; an elongate northeast-trending area about 1.5 miles 
to the southeast; and a narrow belt in the southwestern part of the county. The only quart- 
zite mapped by Balk in the eastern part of the county consists of two small exposures north- 
east of Towners which are too small to be shown on plate 2. 
The Cheshire quartzite ranges in thickness from a few feet to several hundred feet. 
A thickness of about 600 feet is exposed in the valley of Peekskill Hollow Creek in the 
southwestern part of the county. In general, the quartzite is more strongly metamorphosed in 
the east than in the west. Some outcrops in the western part of the county still retain original 
sedimentary features including normal bedding, crossbedding, and ripple marks. In t]l
 east, 
however, the original bedding is obscured by fracturing and recrystallization. 
Where the formation is composed almost entirely of quartz, it is white. Wherfl small 
amounts of mica, feldspar, and other impurities are mixed with the quartz, the Cherhire is 
pink, peach, or buff. The analysis in table 4 shows the composition of a sample of quartzite 
from Peekskill Hollow. 
Ta ble 4.-Chemical composition of the Cheshire quartz ite. 
I Percent 
Determination 1 by weight 
Si0 2 ........................................................ 95.51 
Fe203 .................................................... 0.27 
A1 2 0 3 ...................................................... 2.35 
CaO ................................................. ....... .07 
Ti0 2 .................................................... .... .39 
Total ........................... ........... 98.59 


1 Analysis by R. J. Colony (Berkey and Rice, 1921, p. 86) 
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The quartzite is not important as a source of ground water because it is relatively thin 
and of limited areal extent. In fact, no records of wells tapping this formation in the county 
are available, although one well (P 424) drawing water from limestone reportedly p
ne- 
trated 20 feet of "yellow sandstone" which may be quartzite. 
Stockbridge limestone.-The Cheshire quartzite is overlain by a sequence of carbo:'1ate 
rocks ranging in thickness from a few inches to more than 1000 feet. These carbonate rncks 
underlie five areas near the borders of the county (pI. 2). In the southwest, the areas of out- 
crop consist of a narrow belt about 5 miles long underlying Canopus Creek, and a broader 
belt along the south side of Peekskill Hollow Creek. In the southeast, a narrow belt extends 
northeastward along the East Branch of the Croton River to Brewster and then eastward to 
the Connecticut State line and beyond. A belt on the Westchester County line also extends 
eastward into Connecticut. However, recent work by Scotford (1956, pI. 1) indicates that this 
belt is not so extensive as shown in plate 2. In the northeast, a single broad belt in the Harlem 
Valley extends from the vicinity of Towners northward into Dutchess County. 
The carbonate rocks range in composition from almost pure calcium carbonate (I 
"1le- 
stone) to almost pure calcium-magnesium carbonate (dolomite) as shown by the rock anal
.Tses 
in table 5. A chemical analysis of water from well P 224, in the same quarry at Patterso, in 
which one of the dolomite samples was obtained, is given in table 14. 
The age of the limestone-dolomite sequ ence is difficult to determine because the prin- 
cipal bodies are widely separated and the rocks have been metamorphosed to different de- 
grees in different parts of the county. Berkey and Rice (1921) assigned a Cambro-Ordovician 
age to those underlying Peekskill Hollow Creek and a Precambrian age to those under]:Ting 
Canopus Creek. Similarily, Balk (1936) assigned a Cambro-Ordovician age to all the carbo, ate 
rocks in the eastern part of the county except those underlying a small area southwes
 of 
Brewster which he mapped as Precambrian Grenville marble. 


Table S.-Chemical composition of limestone a nd dolomite from the Stockbridge limest...ne. 


Determination 1 


Moisture......................................... . 
Loss on ignition.............................. 
Calcium Oxide (CaO) .................... 
Magnesium Oxide (MgO) ............. 
Silica (Si0 2 ) ................................... 
Alumina (AI 2 0 a ) ........................... } 
Iron Oxide (Fe20a) ........................ 
Manganese Oxide (MnO) .............. 
Sulfur (S)....................................... 
P 20 5 ......... ........................................ 


Total.. . .. . .. .. .. . . . .. . .. . . . .. . . .. . .. . . . .. .. . 


Limestone 2 


Dolomite a 


Dolomite 4 


.10 
43.30 (C0 2 ) 
48.52 
4.78 
.90 


45.78(C0 2 ) 
29.82 
20.41 


0.02 
41.16 
29.15 
18.29 
7.86 
.84 
.39 
.02 
.08 


1.38 


.02 
99.00 


o 
96.01 


97.81 


1 Percent by weight. 
2 Limestone from Couch farm, at Canopus Creek. Recalculated from analysis by H. D. Gehret (Newland, 1916, p. 200). CaO, MgO, and 
C02 reported as CaCOs (86.60) and MgCOs (10.00). 
s Dolomite from Village of Oregon, on Peekskill Hollow Creek, near the Westchester County line. Partial analysis from Wells (1937, p. 57). 

 Dolomite from quarry 0.5 mile north of Patterson. Analysis by Ledoux and Co., Inc., 155 Avenue of the Americas, New York, New York. 
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Paige (1956, p. 391) indicates that the carbonate rocks in the western part of the 
county - are all of Cambro-Ordovician age. Similarly, Fluhr (1950) suggests that the car11
nate 
rocks in the eastern part of the county are of Cambro-Ordovician age. Although the age of these 
rocks has not yet been conclusively established, for convenience, the name Stockbridge. lime- 
stone is assigned to these rocks in this report. 
The metamorphism of the Stockbridge limestone generally increases in intensity from 
west to east, just as it does in the Cheshire quartzite. Near Peekskill Hollow Creek, in the 
western part of the county, the Stockbridge is relatively undisturbed and the beds ar
 gen- 
erally distinct. In the eastern part of the county, the formation has been metamorpho:::ed to 
a marble and the layers are severely folded. Balk noted that the degree of folding depends on 
the thickness of the layers and on the proximity of the layers to thrust faults. In the Patter- 
son area, the limbs of the folds are generally parallel, and commonly strike north-soutl', The 
folds in the marble have been severely deformed by plastic flow along the planes of the 
limbs with the result that the marble appears to be wrapped around stronger rocks. In the 
Patterson-Towners area, the marble contains masses of schist folded and faulted into the 
limestone. 
The plastic deformation of the Stockbridge limestone makes exact determination of 
original thickness impossible. At Peekskill Hollow Creek, where the formation is relatively 
undisturbed, the thickness is about 1,000 feet. Although the thickness in the other p,rts of 
the county, where deformation has been more severe, is unknown, it is probably less than 
1,000 feet in most places. The Stockbridge limestone weathers readily and commonly under- 
lies valley and lowland areas. 
Hudson River formation.-The name Hudson River slate group was first used by W. W. 
Mather (1840, p. 212, 256-258) for the slatey rocks in southeastern New York State. nerkey 
and Rice (1921) called the argillaceous rocks in southwestern Putnam County the Hudson 
River formation. The same rocks in the eastern part of the county are referred to as Hudson 
River pelite in publications by Balk (1936) and Barth (1936) and as Manhattan sclJist by 
Fluhr (1950). As used in this report, the name Hudson River formation includes all the 
argillaceous and schistose rocks in Putnam County. 
The Hudson River formation crops out in the same general areas as the Stockbridge 
limestone and Cheshire quartzite. In the southwest, a narrow, downfaulted block underlies 
parts of the valley of Peekskill Hollow Creek. In the southeast, the formation underlies a 
broad belt that extends from the valley of the East Branch of the Croton River eastward into 
Connecticut. In the Patterson-Towners area in the northeast, two areas of schist flank the 
Harlem Valley and extend northward into Dutchess County. 
As in the limestone and quartzite, the metamorphism of the Hudson River for]nation 
increases toward the east. At Peekskill Hollow Creek, in the western part of the county, 
the formation has been weakly metamorphosed and consists of slate or phyllite conlposed 
chiefly of mica and quartz with some pyrite and interbedded graywacke, whereas, in the 
extreme eastern part of the county, the formation has been strongly metamorphosed to a 
gneissic schist. A chemical analysis of phyllite from Peekskill Hollow Creek, in the western 
part of the county, is given in table 6 along with chemical and mineral analyses of phyllite 
from southeastern Dutchess County and gneissic schist from Quaker Brook Valley, in the 
eastern part of Putnam County. It may be noted that the gneissic schist contains more f(
dspar 
and less mica than the less metamorphosed phyllite. In the Patterson area the formati(J n con- 
tains many quartz veins, pegmatite dikes, and amphibolite lenses. 
The structure of the Hudson River formation, like the mineral composition, changes 
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progressively from west to east. In the west, at Peekskill Hollow Creek, small, closely s:'1aced 
subparallel joints are numerous. The spacing of these joints ranges from a fraction of an 
inch to several inches and is wider in the more sandy parts of the formation. In the er
tern 
part of the county, on the other hand, the formation is massive and the joints are more widely 
spaced. 


Table 6.-Chemical and mineral composition of phyllite and perthite gneiss 
of the Hudson River formation. 
A. Chemical composition 1 


Phyl- Phyl- Perthite gneiss 4 
Determination lite 2 lite 3 (gneissic schist) 
Si0 2 61.04 62.64 70.5 
Ab03 15.87 16.52 13.8 
Fe203 1.74 0.54 .4 
FeO 4.32 5.45 3.6 
MgO 3.26 3.47 1.7 
CaO 2.39 1.98 2.6 
Na 2 0 1.83 1.35 2.0 
K 2 0 3.26 4.56 3.2 
H 2 O+ 1.82 1.61 1.1 
H 2 O- .09 .07 .... 
Ti0 2 .91 .83 1.0 
P 2 0 5 .... .14 .... 
MnO ..... .12 .... .. 
CO 2 4.24 .15 .... 
Total 100.77 99.43 99.9 


B. Mineral composition 


Perthite 
Mineral Phyllite 3 gneiss 4 
Quartz 31.4 41.0 
Orthoclase .... 1.0 
Plagioclase 16.3 27.0 
Muscovite 17.4 6.0 
Biotite 33.1 20.0 
Apatite and 
calcite .5 .... 
Total 98.7 95.0 5 


1 Percent by weight. 
2 Phyllite from Peekskill Hollow Creek valley, exact locality not specified, R. C. Fettke, analyst (Fettke, 1914, 
p. 246). 


a Black phyllite from Chestnut Ridge, two miles west of Harlem Valley, Dutchess County. Carbon reported 
present in sample. Ellestad and Barth, analysts (Barth, 1936, p. 802). 

 Perthite gneiss from Quaker Brook Valley near Connecticut State line. Analyst not listed (Barth, 1936, p. 812). 
I; Total reported as 100 in Barth (1936, p. 812) . 


17 



The thickness of the Hudson River formation prior to deformation is unknown because 
the close folding and faulting have caused repetition of the same beds. The present apparent 
thickness of the formation in Putnam County ranges from a few feet to several thousand feet. 
Wells of average depth drilled into this formation are not likely to penetrate other rocli"
 un- 
less they are near the contact with the underlying limestone. 


Unconsolidated Deposits 
The bedrock in Putnam County is overlain by unconsolidated material which was de- 
posited in part by glaciers in Pleistocene time and in part by present-day streams. Stream-laid 
deposits of Recent origin, however, are thin and restricted to a few, narrow, discontinuous 
valley areas, whereas the glacial deposits are widespread, more continuous, and relatively thick 
in lowland areas. The greatest thickness of unconsolidated deposits occurs in the gorge of the 
Hudson River where borings for the Catskill Aqueduct of New York City penetrated s'everal 
hundred feet of fill, most of which is probably of glacial origin. According to Kemp (1908, 
p. 322), a test hole at the Little Stony Point crossing, immediately northwest of Cold f")ring, 
penetrated to a depth of 322 feet below river level without encountering bedrock. Wasl1 bor- 
ings at the Arden Point crossing, southwest of Garrison, reached a maximum depth of 220 
feet below streal.ll level without encountering bedrock. The greatest thickness of unc')nsoli- 
dated material was penetrated at the Storm King crossing, a short distance north of the 
Dutchess County line. Berkey and Rice (1921, p. 96) report that a test hole presumabl: T near 
the center of the channel, penetrated to a depth of 765 feet without reaching bedrock. It is 
not known whether the lower portion of this hole penetrated disintegrated or decompose1 bed- 
rock. The layers penetrated by these borings ranged in composition from clay con1aining 
boulders to sand and gravel. 
The deposits of Pleistocene age (stratified and unstratified drift) comprise the following: 
(1) Till, (unstratified drift) consisting of a mixture of rock materials deposited by the ic
; and 
( 2) Stratified drift, including sorted and stratified gravel, sand, silt, and clay laid down ir melt- 
water streams and lakes. 
Till.-Till consists of a heterogeneous mixture of rock fragments of all sizes froJn sub- 
microscopic particles of clay to cobbles and large boulders. As shown in figure 3, it is th
 most 
widespread of the Pleistocene deposits. The till was laid down directly under the glacial ice, 
which was thick enough to pass over the highest points in the county, as well as the higher 
peaks of the Catskills and Adirondacks. The ice moved generally southward, accord 
ng to 
inferences drawn from the alinement of grooves and striations on exposed rock surfa
es. It 
both eroded and deposited material as it moved and it also deposited material as it wasted 
away. In lowland areas deposition was the predominent process. Hence, the mantle of till is 
commonly thicker in valley areas than on hillsides and hilltops. The average thickness of un- 
consolidated material, chiefly till, in 47 wells drilled at altitudes greater than 800 feet above 
sea level is only 10 feet, ranging from zero to 30 feet. In some lowland areas, on the other hand, 
the till may be as much as 200 feet thick. For example, wells P 155 and P 195, which are in 
valley areas, penetrated 190 and 198 feet of till, respectively, without reaching bedro
k. As 
shown by the log in table 18, well P 892 penetrated 163 feet of till before reaching bE'1rock. 
The larger fragments in the till have been derived mainly from the more re
istant 
rocks in the area: chiefly gneiss, granite, and schist. Glacial boulders derived from thos'e bed- 
rock formations that are very susceptible to comminution during transportation by ice are 
generally found close to the areas underlain by these formations. In the vicinity of well P 381, 
in the northeastern part of the county, most of the boulders resemble the underlying b
drock 
(schist), but one boulder of marble and one of quartzite, material not native to the imtr
diate 
area, were observed. The finer particles- in the till consist predominantly of clay and silt. 
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Four mechanical analyses were made by the U. S. Department of Agriculture on two 
samples of soil in Putnam County derived from till (Van Duyne and others, 1922). These 
show that the clay and silt content of the soil range from 44.8 percent to 52.9 percent by 
weight. 


In some areas, the till is cemented or compacted to form a tough aggregate referred to 
as "hardpan" by local drillers. However, this term is also used for any unconsolidated ma- 
terials, including some lake-laid deposits, that are difficult to drill or that stand up in an open 
hole without caving. In other areas, the till may contain lenses of sand almost as permeable 
as those found in stratified drift, although such lenses are generally thin and of limit
d areal 
extent. A section of till containing sand is exposed on the north side of East Main S.reet in 
Brewster. 


Stratified drift.-Stratified drift consisting principally of sand and gravel underli 
s some 
of the larger stream valleys. The most extensive deposits (fig. 3) are in the valleys drained 
by the Hudson River, Clove Creek, Canopus Creek, Peekskill Hollow Creek, and tI'
 East 
Branch of the Croton River. Stratified drift was deposited in lakes and streams during both 
the advance and wasting of the glaciers. The lake-laid deposits contain sand and gravf'. which 
was deposited as deltas where streams flowed into the lakes. In the upstream direc1ion, to- 
ward the heads of the deltas, the grain sizes are generally coarser than at the outer margin 
of the deltas, where the deposits grade into finer material, chiefly silt and clay th
t were 
carried by currents of diminishing competency to deeper parts of the lakes. LacustJine de- 
posits have been recognized by Peltier ( 1939) in the valley of Clove Creek, in the north- 
western part of the county. Great Swamp, east of Patterson, also probably marks the site of 
an ancient glacial lake. Several driven wells obtain water from deposits of sand alC''1g the 
western margins of the swamp. 


The stream-laid deposits, called "outwash," are not uniform in particle size in large 
areas because of the varying conditions under which they were laid down. These depo
its are 
restricted principally to the sides and floors of the larger valleys. Stratified deposits along 
the sides of valleys, called kame terraces, have been mapped at two places in the north

7estern 
part of the county: at Cold Spring, by Woodworth (1905, p. 112), and in the valley (.c: Clove 
Creek, by Peltier (1939). Elsewhere in the county, outwash deposits have not been mapped 
in detail. However, some of those penetrated by wells, exposed in sand and gravel p
ts, and 
observed in reconnaissance mapping, are believed to be chiefly of the valley-train type. in that 
they are long and narrow, and underlie only the valley floors. The valley trains are generally 
more extensive than the kame-terrace deposits. The principal areas underlain by valhy-train 
deposits are in the valley of Peekskill Hollow Creek and the main and tributary valleyr of the 
Croton River. 


A mechanical and mineral analysis of s and from a pit on the Archer property about 
2 miles southeast of Mahopac is given in table 7. 


The mechanical analysis shows that about 30 percent of the sample consists of coarse 
sand and gravel, and about 60 percent consists of medium to fine sand. Most of the I'1.aterial 
making up the sand and gravel, like the till, was derived from local rocks, chiefly granite, 
gneiss, and schist. The content of feldspar and quartz, about 57 and 31 percent respE'
tively, 
are very close to the content of feldspar and quartz in the two samples of granite fOJ. which 
analyses are shown in table 3. 
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Table 7.-Mechanical analysis and mineral composition of stratified sand from Union 
Valley. Putnam County. 1 


Mechanical Analysis Mineral Composition 
Range in Percent 2 Estimated 
Material grain size (by weight) Constituent percent 
(inches) 
Fine gravel 0.250-0.185 0.8 Feldspar 56.59 
Very coarse sand .185- .093 11.0 Quartz 30.58 
Coarse sand .093- .046 22.0 Kaolin 4.9 
Medium sand .046- .0232 24.4 CaC0 3 1.28 
Fine sand .0232-.0116 22.3 MgC0 3 2.06 
Very fine sand .0116-.0058 12.6 R 2 0 3 4.59 
Silt and clay <.0058 6.9 H 2 O 0.11 
Total 100.0 CO 2 1.64 


1 Analysis by New York State Dept. of Public Works, Albany, N. Y. 
2 Calculated from results expressed as percent passing screen. 


GROUND WATER 


Source and Movement 
Ground water occurs in Putnam County in both the unconsolidated surficial depc 
its 
and in the bedrock. Information about ground water in the county is obtained from the rec('
ds 
of about 900 wells and test holes in the area. The records for about 350 of those wells on wl'ich 
the data are relatively complete are given in table 19. 
N early all the ground water is derived from precipitation within the county. An incl' of 
rain, or of snow having a water content equivalent to 1 inch of rain, falling on an area of 
1 square mile yields about 17 million gallons of water. Thus, with an average annual preC'ini- 
tation of about 48 inches, the rain on the 235 square miles of the county in the course of a year 
falls at an average rate of about 500 million gallons a day. 
Only a small part of this precipitation, however, reaches the ground-water reserv(';rs. 
Most of it runs off in streams or is returned to the atmosphere through evaporation and trans- 
piration by plants. The amount of water entering the soil depends upon several interrelzted 
meteorologic and geologic factors. Among these are the following: (1) The porosity and per- 
meability of the surficial materials; (2) the slope of the land; (3) the amount and kind of 
vegetal cover; (4) the intensity and amount of precipitation; and (5) the moisture content 
of the soil zone. It is obvious that rain falling at a slow, steady rate on dry, porous, flat ground 
results in more infiltration than rain falling at a rapid rate on moist, steep, relatively imper- 
meable ground. 
Of the water that percolates into the soil, a part is held by molecular forces in the z-:me 
of aeration, where the interstices contain air or other gases, in addition to water. Water not 
held by molecular attraction percolates down ward to the zone of saturation-the zone in 
which all pore spaces are filled with water. Only water in the zone of saturation-ground water 
-is available to supply wells and springs. Once water reaches the zone of saturation it begins 
to move down the hydraulic gradient towards points or areas of discharge, such as wells, springs, 
lakes, or streams. Water thus in transit may occur under either water-table or artesian con- 
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ditions. Where the water only partly fills a permeable bed, its surface is free to rise and fall. 
This water is unconfined and is said to be under water-table conditions. The upper swiace of 
unconfined ground water is called the water table. Where the water completely fills a perme- 
able bed that is overlain by a relatively impermeable bed, its surface is not free to rise and 
fall, although the head (piezometric surface) may fluctuate, and it is said to be under artesian 
conditions. Thus, water under artesian conditions is under sufficient pressure to ris
 above 
the top of the bed in which it occurs, though not necessarily above the land surface. A forma- 
tion in the zone of saturation that is permeable enough to yield water in usable quantities to 
wells and springs is called an aquifer or water-bearing formation. The quantity of water stored 
in an aquifer depends on the porosity, or the percentage of the total volume that is o
cupied 
by pores and other openings. The rate at which water moves in aquifers, and the readiness 
with which it is made available for discharge by wells is controlled by the permeability of the 
aquifer. 
The water table, or top of the zone of saturation is a subdued replica of the land sur- 
face. Thus, the water table is at a higher altitude beneath hills than in valleys. HoweY
r, the 
depth to the water table below the land surface is generally considerably less in valle
Ts than 
on hills. Measured or reported depths to water are available for most of the 350 w
Us for 
which data are presented in table 19. The average depth to the water table in all th
 wells 
for which information is available is about 30 feet on hilltops, about 20 feet on hillsides, and 
about 10 feet in valleys. 
Ground-water levels fluctuate in response to many forces, among which change in the 
quantity of water stored in the zone of saturation is one of the more important. Durir 
 rains 
or when snow is melting, water percolating downward to the zone of saturation cause;-o a rise 
in the water table. Natural discharge, such as spring flow, and seepage into streams and lakes, 
and artificial discharge, including withdrawals from wells, result in a decline in the water 
table. The pattern and amount of the water-table fluctuations may be determined by measure- 
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Figure 4.-Hydrograph of well P 609 from 1935 to 1945 and from 1950 to 1956. 
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Figure 5.-Hydrographs of wells P 131 and P 609 and monthly precipitation at Carmel. 


ments of depth to water in observation wells. The intermittent measurements made in well 
P 609 by the New York City Board of Water Supply from 1935 to 1956 are shown in figure 4. 
This well is only about 600 feet from the West Branch Reservoir, and its water level, is arT'iar- 
ently directly related to changes in reservoir level. 
Figure 5 shows weekly water-level measurements for well P 131, from December, ] 953, 
to November, 1955, and for well P 609 from March, 1951 to June, 1956. The figure also con- 
tains a graph of monthly rainfall at Carmel. As may be seen from the figure, the seasonal fluc- 
tuations of these wells show marked differences. The water level in well P 131 remains relative- 
ly constant except for short periods during the summer when pumpage from one or more near- 
by wells lowers the water level. The absence of fluctuations during a large part of the year 
is apparently due to the fact that the water table in the vicinity of the wells is influencei by 
a nearby pond which has a relatively constant level. 
The seasonal pattern of water-level fluctuations in well P 609 (fig. 5) is believed to be 
similar, in a general way, to the fluctuations in both the bedrock and the unconsolidated de- 
posits in most parts of the county. In the autumn, water levels begin to rise as a result (Jf an 
increase in precipitation and a decrease in evapotranspiration losses. In the spring, water levels 
commence a decline which generally continues through the summer and into the fall. The 
decline results in large part from increased evapotranspiration which returns to the atmos- 
phere water that otherwise would reach the water table. 
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Although water-level fluctuations follow the same general pattern in all the water- 
bearing formations, the type of opening in which the water occurs in the unconsolidated de- 
posits differs radically from the type of opening in the bedrock. In the unconsolidated de- 
posits, most of the openings consist of pore spaces between the constituent grains. In tre bed- 
rock, however, the intergranular openings are extremely small and most of the ground water 
occurs in joints and other cracks which have developed since the rocks were consolidated. 
This difference, together with certain other factors, results in appreciable differences in the 
occurrence and availability of ground water in the consolidated rocks as compared wi
h the 
unconsolidated deposits. 


Occurrence of Water in Consolidated Rocks 
The consolidated rocks are the most important source of ground water in the county 
because they underlie the entire area and because they will generally yield sufficient water 
to supply domestic, farm, and other relatively small needs. All of the bedrock formations are 
broken by joints, and the average yield of wells tapping most of the different format
'')ns is 
similar even though the formations differ widely in age and lithology. 
In the upland areas, where the bedrock crops out or is covered by only a thin veneer 
of unconsolidated deposits, the water is generally under water-table conditions. Water-table 
conditions also prevail at shallow depth in the bedrock in those lowland areas where it is 
overlain by relatively permeable unconsolidated deposits. On the other hand, artesian condi. 
tions occur in both upland and lowland areas where the bedrock is overlain by relativ€:1y im- 
permeable deposits such as glacial till consisting chiefly of clay, or where the joints anc' other 
openings in the upper part of the bedrock are fined with impermeable material. Also, water 
at depth in inclined joints may be under artesian pressure. 
The recharge, movement, and discharge of ground water in the bedrock aquifer are 
known from a study of water levels which show that the water table slopes downwarc', from 
the uplands, indicating a movement of water away from those areas. Water thus moYing is 
replaced by precipitation. As the water moves into lowland areas it discharges naturally from 
the bedrock through springs on hillsides where the zone of saturation intersects the land 
surface, by upward percolation into the unconsolidated deposits, and by seepage into s
reams 
and lakes. The movement of water in the bedrock, as in most other water-bearing materials, 
is relatively slow, amounting to only a few inches, or at most, a few feet per day. 


Factors Affecting the Yield of Wells in Bedrock 
The yields of about 370 wells tapping the bedrock formations in Putnam County are 
summarized in table 8. The average yield is 12 gpm, and the range is from 0 to 120 gpm. 
The yield of individual wens tapping the bedrock depends on several factors. Most imrt1rtant 
among these are the following: ( 1) occurrence, spacing, width, and other features of joints 
and other secondary openings; (2) character of overlying unconsolidated deposits; (3) topo- 
graphic position; and (4) type of bedrock. 
Openings along joints and faults, and other cracks of unknown origin, provide th
 prin- 
cipal channels for the storage and movement of water in the bedrock. The yield of wells pene- 
trating the bedrock is determined largely by the size, spacing, continuity, and interconnection 
of the various openings. Of these openings, joints are the most important because of their 
widespread occurrence, close spacing, and nu merous intersections. Although many joints 
have a random orientation, there are two well-defined sets. One set strikes northeast, approxi- 
mately parallel to the regional geologic structure and foliation. The other set strikes north- 
west, intersecting the first set at an oblique angle. Most of the joints have steep dips. Jeints at 
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Table 8.-Yield of wells tapping bedrock in Putnam County. 


Yield (gpm) Number 
Water-bearing formation Range of Remarks 
Average Low High wells 
--- 
Hudson River formation 12 1 40 19 All wells 
penetrate 
schist; nOD e 
slate or 
phyllite. 
Stockbridge limestone 10 0 38 36 Most wells 
penetrate 
dolomite o
 
marble. 
Pochuck diorite 19 1 60 23 
Granite and gneiss, 11 0 120 288 
undifferentiated 
All bedrock combined 12 1 0 120 366 
- 


1 Weighted average. 


or near the land surface may be several inches wide. These relatively wide openings rl
sult 
in part from the slow decomposition and solution of some of the rock minerals by percolating 
water. The width of joints decreases with depth, and below a few hundred feet the jointr are 
effectively closed. In some of the igneous rocks, especially granite, a third set of joints is 
developed approximately parallel to the land surface. This type of joint, which is known as 
sheet jointing, or sheeting, has been described by Newland (1916, p. 110) as it appear's at 
King's Quarry, 2.5 miles south of Garrison. Here the sheet joints are from 1 to 3 feet a,part. 
Because sheeting joints are approximately parallel to the land' surface, they facilitate the 
movement of ground water down the hillsides. Where the steeply-dipping joints are relatively 
widely spaced, sheeting joints may be the only openings penetrated by water wells. 
All of the bedrock formations in Putnam County are broken by faults-large-scale frac- 
tures along which differential movement has taken place. Many faults have been filled with 
minerals precipitated from solutions and in their essential lack of permeability they do not 
differ appreciably from that of the unbroken rocks. A brecciated fault zone, however, that has 
not been sealed by deposition of secondary minerals may be very permeable. Such a 
zone was apparently penetrated by test hole P 623 (table 18) which was drilled for the Catskill 
Aqueduct of New York City (Berkey, 1911, p. 164; and Berkey and Rice, 1921, p. 99). The log 
for this hole shows that, after penetrating unweathered granite, the drill entered fractured 
granite that was so badly disintegrated and decomposed that the drillers called it a "sand". 
Study of the samples collected during drilling led Berkey to conclude that the test hole had 
penetrated a steeply-dipping fault. After the test hole had penetrated several feet into the 
fault zone at a depth of 80 feet, water began to flow from the hole at a rate of 10 gpm. At a 
depth of 253 feet the flow was 15 gpm. 


25 



The crushed material in fault zones may be relatively impermeable. For example, well 
P 143 was drilled in an area described by Balk (1936, p. 751) as being in a major fault zone. 
This well penetrated 225 feet of material reported as clay without reaching bedrock. Ina
much 
as two nearby wells, P 141 and P 142, encountered bedrock at depths of only 49 and 33 feet, 
respectively, well P 143 probably penetrated one of the faults in the zone. The clay penetrated 
by the well could be either gouge that was formed at the time of faulting, or rock m
terial 
subsequently decomposed by percolating water. The well did not yield water in a usable 
quantity and was abandoned as a "dry hole." 
Most of the faults mapped in Putnam County strike northeast, approximately puallel 
to one of the two principal sets of joints. The orientation of many of the valleys in the county 
is evidently controlled by these faults, and by northeast-trending joints. The northwest-trend- 
ing cross joints also have some influence as can be seen in the east-central part of the c')unty, 
where the principal lakes and streams are alined northwest. The alinement of joints and faults 
influences the orientation of valleys and drainage lines but it is the abundance and cl'
se or 
wide spacing of joints that determines, in part, the width and contours of the valleys. In gen- 
eral, the broader valleys tend to form in areas where joints and other openings are abrndant 
and closely spaced. The greater number of joints in the bedrock beneath these valley areas 
is doubtless one of the factors that contribute to the relatively high yield of wells in valleys in 
comparison with wells on adjacent slopes or hilltops. 
Studies in other areas have shown that the yield of wells in bedrock depends to some 
extent on the character of the overlying unconsolidated deposits (Simpson, 1952, p. 2
; Le- 
Grand and Mundorff, 1952, p. 16). A study of 236 wells indicates that this is also true in Put- 
nam County. As may be seen from table 9, the average yield of 191 wells drawing frot.., bed- 
rock where the overlying material consists of till and clay is 9 gpm. By contrast, the average 
yield of 45 wells in bedrock where the overlying material consists of sand and grave] is 20 
gpm. 


Table 9.-Average yield of wells in bedrock related to character 
of overlying unconsolidated deposits. 


Character of overlying material 
Water-bearing formation Till and clay Sand and gravel 
Average Number Average Numl'
r 
yield of yield of 
(gpm) wells (gpm) wells 
Hudson River formation 7.5 11 18 3 
Stockbridge limestone 8 15 19 7 
Pochuck diorite 18.5 16 26 3 
Granite and gneiss, 8.5 149 20 32 
undifferentiated 
All bedrock combined 9 1 191 20 1 45 


1 Weighted average. 
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A more detailed analysis of the data shows that the yield of wells tapping bedrock wl1 ere 
the overlying deposits are thin or absent (less than 10 feet thick) is essentially the sam
 as 
the yield of wells tapping bedrock where the overlying deposits consist of relatively thick till 
or clay. In other words, a body of water-saturated material which tends to retain the water 
above the bedrock is about the same with respect to yield of bedrock as no overlying material 
at all. Therefore, the overlying material increases the yield only where it is permeable and is 
in hydrologic continuity with the joints of the underlying bedrock. 
A study of the occurrence of ground water in the crystalline rocks of Connecticut by 
Ellis (1909, p. 101) showed that topographic location seems to influence the yield of bedr
ck 
wells. Table 10 shows that, in Putnam County, the average yield of 29 bedrock wells on hill10ps 
is about 6 gpm, whereas the average yield of 147 bedrock wells in valleys is about 16 gpm. As 
may be expected, the average yield of 9 gpm for 167 wells on hillsides is intermediate. 
As previously noted, the relative abundance of joints and other openings appears to 
control to some extent both the location of hills and valleys, and the yield of wells. Thus, the 
effect of the topographic situation alone on the yield of wells is difficult if not impossibl
 to 


. 


Table 1G.-Yield of wells in relation to topography. 1 


Yields (gpm) 
Type of bedrock Topography Range Number 
of 
Average Low High wells 
Hilltop 8 2 13 2 
Hudson River Hillside 10.5 3 15 6 
formation Valley 12 2 22 13 
All locations 11.5 2 2 22 21 
Hilltop 1 ... . ... . 1 
Stockbridge Hillside 10 0 38 10 
limestone Valley 11 1 35 25 
All locations 10 2 0 38 36 
Hilltop 22 3 40 4 
Pochuck Hillside 13 1 20 7 
diorite Valley 21 1 60 12 
All locations 18 2 1 60 23 
Granite Hilltop 6 0 20 22 
and Hillside 8 0 45 144 
gneiss, Valley 18 1 120 97 
undifferentiated All locations 12 2 0 120 263 
Hilltop 6 0 40 29 
All Hillside 9 0 45 167 
bedrock Valley 16 1 120 147 
combined All locations 12 2 0 120 343 


1 See "EXPLANATION OF TABLES" for criteria used in assigning wells to hilltop, hillside, or valley. 
II Weighted average. 
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separate from the effect of joints. Among the factors that influence the yield of wells, and 
which are related to topography only, are the depth to the water table and restrictions of the 
expansion of cones of depression produced by pumping wells. 


As shown in table 11, the depth to the water table is greater beneath hills than in valleys. 
It follows that wells of equal depth will penetrate a greater thickness of saturated material in 
valleys than on hills and, thus, other factors being equal, those in the valleys should yielcl more 
water. When a well is pumped, the water table surrounding the well is lowered in the form 
of an inverted cone, the cone of depression. The center of the cone is at the well. As pumping 
continues, the cone deepens and expands. The yield of the well is controlled in part by the 
extent to which the cone of depression may expand. On hills, the possible expansion is re- 
stricted by the topography. In valleys, on the other hand, the cone of depression may extend 
the full width of the valley, and beneath the bordering hills as well. Also, it may b
ome 
elongated some distance up and down the valley. 


Tabl,e 11.-Water levels in relation to topography 


Water levels in feet Number 
Topographic below land surface of 
situation Average Shallowest Deepest records 
Hilltop or upland 29 5 120 50 
Hillside or slope 19 0 85 160 
Valley or lowland 11 0 56 190 
Average 16 400 Total 


Some difference in the yield of wells apparently stem from differences in the character 
of the bedrock. These differences are not so great in Putnam County, however, as in some of 
the other areas in the State. As may be seen from table 8, the average yield of wells in all 
except one of the bedrock formations is within 2 gpm of the combined average of 12 gpm for 
all bedrock wells. The single exception is the Pochuck diorite in which wells have an average 
yield of 19 gpm. The relatively high average for the diorite may result from the fact that only 
23 records are available. However, if this average is truly representative it may result, in part, 
from the fact that the diorite is more soluble than the other noncarbonate rocks. A study in 
Connecticut (Ellis, 1909, p. 100; table 6) showed that the average yield from most of the 
crystalline rocks was about 12 to 14 gpm, but that the average yield from granodiorite, a rock 
which closely resembles the Pochuck diorite in chemical composition, was considerably above 
this average. The most soluble bedrock in Putnam County, the Stockbridge limestone, 1':18 the 
lowest average yield (10 gpm), indicating that factors other than solubility are probct:.ly of 
more importance in determining the yield of wells drilled in bedrock. 


Most of the bedrock formations in Putnam County contain quartz veins ranging in 
thickness from less than 1 inch to more than 1 foot. These veins are generally more brittle 
than the surrounding rocks and, hence, are more highly fractured. The penetration of thick, 
highly fractured quartz veins in wells P 5 and P 383 (table 18) apparently has resultec' in an 
increase in the yield of these wells. 
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Summary 
The various factors affecting the yield of bedrock wells, such as character of overl
ing 
material, presence of joints and other openings, and topographic location, do not act inde]1en- 
dently. As a rule, those factors that result in higher yields occur together. Thus, most wells 
drilled in valley areas yield larger quantities of water not only because of their favorable 
topographic location, but also because the bedrock is generally more permeable and is wore 
likely to be overlain by permeable unconsolidated deposits. Conversely, most wells drillee' in 
upland areas yield smaller quantities of water not only because of a less favorable topo- 
graphic location, but because the bedrock is less likely either to contain abundant joints and 
other openings or to be overlain by sand and gravel. As far as rock type alone is concerned, 
the evidence indicates that the Pochuck diorite is a little more productive than the other l'
d- 
rock formations. The topographic location and type of water-bearing material of wells referred 
to in this report are given in table 19. Logs of the material penetrated by some of these wells 
are given in table 18. 


Occurrence of Water in Unconsolidated Deposits 
Unconsolidated surficial deposits overlie the bedrock in all parts of the county except 
on some hillsides and hilltops. These deposits have been divided into two units on the basis 
of their water-bearing characteristics: ( 1) relatively impermeable deposits consisting of 
glacial till, or silt and clay; and (2) permeable deposits consisting of sand and gravel. W rter 
in the unconsolidated deposits occurs principally under water-table conditions, although in a 
few areas, where sand and gravel are overlain by clay or other relatively imperme
 ble 
material, the water is under artesian pressure. In upland areas, the water in the uncon
'oli- 
dated deposits is derived almost entirely from local precipitation. In lowland areas, th
se 
deposits obtain water both from local precipitation and from upward seepage from the under- 
lying bedrock. As in the case of the bedrock, water in the unconsolidated deposits moves de 

n 
the hydraulic gradient towards points of withdrawal or of natural discharge. 


Till 
Till, deposited directly by glacial ice, consists of rock material ranging in size from 
clay to huge boulders. It is generally unsorted and unstratified except where it contains lenses 
and irregular masses of sand and gravel. Till is generally thin or absent in upland areas, but 
is about 20 to 40 feet thick on hillsides, and more than 100 feet thick in some lowland ar
as. 
The poor sorting and high clay content of till result in a low porosity and permeabil
ty. 
The yields of most wells that penetrate till are not generally known because pumps are or
r- 
ated for short periods and draw mostly from water in storage in the well. The average yield in 
the few wells known to obtain water from till and for which yields were reported is only ab')ut 
2 gpm. Most wells tapping till may be expected to yield only a few hundred gallons a day. 
Because of the relatively low permeability of the till, the movement of ground water 
is extremely slow. The water table in these deposits remains relatively close to the land sur- 
face because of slow drainage and wells that penetrate them can be pumped with inexpensive 
hand or other shallow-well pumps. Most wells drawing water from the till are dug wells, mr.ny 
of which were constructed during periods when the water table was at relatively shallow deJ:th. 
If, at later times the water table declines during dry periods, some wells fail. Of the 81 e'ug 
wells for which information is available, at least 43 were reported to have failed completely 
or to have been inadequate one or more times since their construction. About 80 percent of 
these wells are on hillsides or uplands, and the failures probably are due in large part to the 
fact that seasonal water-table fluctuations are greater in uplands than in lowlands. 
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Clay a nd Silt 
Deposits of clay and silt occur principally in valleys that were occupied by laker during 
the" melting of the glaciers. In a few areas, where deltas were formed by streams emptying 
into the lakes, the layers of clay and silt are interbedded with layers of sand and grayei. The 
particles of clay and silt are extremely small; therefore the pore spaces, although numerous, 
also are small. The small pore spaces store water but do not transmit it readily. Accordingly, 
clay and silt are commonly very porous but have a low permeability. In some areas layers of 
clay confine the water in the underlying deposits under pressure. Of the 900 wells end test 
holes for which records were collected in the county, none is known to obtain water fr')m clay 
or silt. A few unsuccessful wells and test holes that penetrate clay and silt are listed (table 19) 
among the selected well records. 
The largest deposit of clay and silt known in the county underlies the present channel 
of the Hudson River. This deposit ranges in thickness from a few feet to more than 100 feet. 
It is about half a mile wide at the northwest corner of the county, according to a cross section 
by Berkey (1911, pI. 14), and probably extends continuously along the river througt'f)ut the 
length of the county. The clay and silt overlie thick deposits of sand, gravel, and mixed clay, 
cobblestones, and boulders. Deposits of lacustrine clay and silt occur in the vicinity of Barger 
Pond and in the Patterson area where they are interbedded with sand, gravel, and till. 


Sand and Gravel 
Deposits of stratified sand and gravel (stratified drift) are the most permeable deposits 
in the county. The average yield of 55 wells that penetrate these deposits is 33 gpm, and the 
range is from less than 1 gpm to about 450 gpm. Those wells for which drawdown data have 
been reported have an average yield (specific capacity) of about 4.5 gpm per foot of draw- 
down, which is the highest for any water-bearing formation in the county. Sand and gravel 
occur chiefly in the major valleys, including those of the Hudson River, Clove Creek, Peekskill 
Hollow Creek, Canopus Creek, and the East Branch of the Croton River. The stratified drift in 
these valleys is interbedded with clay and silt and is mantled by minor amounts of younger 
alluvium consisting of fine sand, silt, and clay. 
The highest yields obtainable from sand and gravel are not known because most wells 
tapping these deposits are small-diameter driven wells, or drilled wells with open-end casings. 
The use of screens to provide a larger intake area would substantially increase the yield of 
most such wells. Records show that some wells have been cased through permeable deposits 
of sand and gravel to deeper bedrock aquifers which generally yield only a few gallons per 
minute. This may reduce installation costs, because screens are not needed in most bedrock 
wells. However, it is unfortunate where large supplies are needed because deposits of sand 
and gravel are generally capable of yielding much larger quantities of water than are bedrock 
aquifers in the area. 
The thickest deposits of sand and gravel, as of silt and clay, are in the valley of the 
Hudson River. Exploratory boring in the river channel to determine depth to bedrock during 
the construction of the Catskill Aqueduct disclosed a considerable thickness of permeable 
material. Berkey and Rice (1921, pI. 47a) showed that several hundred feet of sand ar1 other 
permeable deposits underlie the river opposite Breakneck Mountain, 2 miles north of Cold 
Spring. Large supplies of water could probably be obtained from these deposits thro
lgh the 
use of screened wells or from horizontal collectors. However, the Hudson River contains 
brackish water during times of low flow almost as far north as Poughkeepsie, 15 mik
 north 
of the county, and it is possible that the water in the deposits underlying the river has a re- 
latively high chloride content. On the other hand, the permeable deposits are overlain in 
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places by a layer of clay and silt. If this layer is extensive and continuous it may prevent salt- 
water encroachment into the underlying sand and gravel. Even if water from the be
!; of 
sand and gravel should prove to be of acceptable quality, excessive pumping in the future 
might result in the intrusion of brackish water from the river. Only one well in Putnam 
County, P 366, is known to obtain water from the unconsolidated deposits in the Hudson r
ver 
valley. This well was constructed only a few feet from the river by setting steel drums o
 24- 
inch diameter to a depth of 10 feet. The water level, which is about 3 feet below the land sur- 
face, is reported to rise and fall in response to tidal fluctuations in the river. Although this 
well was not constructed by modern methods, it reportedly yielded at least 80 gpm. \Vater 
from this well was fresh enough to be used as a source of supply for drinking water, although 
it reportedly became "salty" in dry seasons. 
Relatively thin deposits of sand and gravel in the valley of Clove Creek were described 
. 
by Peltier (1939). Wells P 20, P 21, and P 307 in this area penetrated 10 to 25 feet of sand 
and gravel. The maximum known thickness of gravel in the valley is 47 feet. In parts o
 the 
valley, as at well P 20, the sand and gravel are overlain by relatively thick deposits of till. 
The valleys of the Croton River drainage basin contain deposits of sand and gr
avel 
second only to those of the Hudson Valley in thickness and areal extent. Water from 1 hese 
deposits is used extensively in the village of Patterson which has no public supply. Bec'
 of 
sand and gravel also underlie a relatively narrow area along Peekskill Hollow Creek. One well 
in this area, P 805, which is 20 feet deep and 36 inches in diameter, was reportedly punped 
at a rate of about 450 gpm for more than an hour without exhausting the available supply. 


Recovery of Water 
Construction and Development of Wells 
Most ground-water supplies in Putnam County are obtained from dug or drilled wells. 
Nearly 75 percent of the wells listed in table 19 are drilled wells, about 20 percent are dug, 
and less than 5 percent are driven. Dug wells are used for many domestic rural water supplies 
because they are cheap and do not require skilled labor and expensive equipment for con- 
struction. The large diameter of such wells, which ranges from about 2 feet to about 15 feet, 
is advantageous in obtaining water from glacial till because of the large infiltration area and 
the large storage volume that is available for immediate use. It is difficult to extend dug wells 
more than a few feet below the water table. As a consequence, many dug wells go dry during 
prolonged drougats because the water table declines below the bottom of the well. It i
 in- 
teresting to note, in this regard, that of the wells in the county that have been reported to go 
dry at one time or another, 85 percent are shallow wells dug in Pleistocene deposits. 
In recent years, the quantity of water demanded for domestic uses has increase
 far 
beyond the yield of most dug wells. The growth of public-supply systems and the difficul 
y of 
protecting dug wells from pollution have also contributed to the gradual decline in their use 
as a source of supply. At some places, however, dug wells provide water of better cherlical 
quality than drilled wells that draw from deeper water-bearing strata. The percentage of dug 
wells actually present in the county is probably greater than indicated in table 19, because 
an attempt was made to obtain records of as many drilled wells as possible. Nevertheless. the 
percentage of dug wells has declined in the past 50 years or so. 
At Patterson, and in other valley areas where sands and gravels occur at relatively 
shallow depth, drive points can be used to develop satisfactory wells at low cost. Such wells 
are constructed by driving a string of pipe, generally 11A. to 21/2 inches in diameter, wIth a 
screened drive point at the bottom. The pipe is driven with a maul or by alternately raising 
and dropping a heavy weight. The depth to which wells may be driven is limited by the fric- 
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tional resistance of the unconsolidated material penetrated by the pipe, the presence o
 large 
boulders, and the depth to bedrock. Under favorable conditions, 2-inch wells can be driven 
100 feet or more in sand and fine gravel. However, the deepest driven wells known in the 
county are less than 50 feet deep and the average depth of 15 driven wells is only ab'1ut 28 
feet. Although the yield of driven wells is generally less than 10 gpm, they are adequate for 
small domestic, stock, and commercial use, for testing shallow aquifers and for the develop- 
ment of temporary water supplies. Larger supplies than are obtainable from one well can be 
obtained from several wells connected to a common header, but if these are spaced too cJosely, 
interference between adjacent wells may result in excessive drawdowns. 
Drilled wells are the most important and most numerous. The two drilling m
thods 
most widely used in the county are the hydraulic-rotary method and the cable-tool Ir
thod. 
The most popular method in the past was a variation of the rotary method called shot c'rilling 
(locally "core" drilling) in which chilled shot was us
d as an abrading agent. The rotary 
method now in common use involves the mechanical rotation of a suitable bit on the T'OttODl 
of the hole to cut, chip, and abrade the rocks into small particles. A slurry or mud th::\t may 
contain special materials to add weight or viscosity is pumped down the hollow rotatm g drill 
rod, out through the drill bit attached to the lower end of the rod, and back to the lar 1 sur- 
face through the annular space between the drill rod and the walls of the hole. As the crilling 
mud returns to the land surface it not only carries the drill cuttings from the hole but also 
seals the formations that have been penetrated, thus preventing caving of the hole where it 
penetrates unconsolidated deposits. After the hole is completed, casing is set as necess::\ry. 
In recent years, percussion or cable-tool drilling, locally called chop drilling, has gained 
rapidly at the expense of shot drilling until it is now the dominant type. This type of crilling 
involves the excavation of a hole by the cutting action of a chisel-edged drill bit which is alter- 
nately raised and dropped. The formation through which the hole is being drilled i
 thus 
broken into small fragments that become churned and mixed into a sludge. At intervals the 
sludge is removed from the hole with a bailer. In unconsolidated materials the well casing 
must be driven down as the drilling proceeds to keep the hole from caving. 
The rate of drilling in the county by the rotary and percussion methods ranges from 
less than 1 foot to more than 40 feet per day, depending on such variables as the type of rock, 
the weight of the drill stem, and the skill of the operator. The drilling rates in 139 b
drock 
wells were obtained from records kept by a few drillers and averaged as shown in tahle 12. 
As might be expected, the faster rates are in the softer schist and limestone and the slower 
rates are in the harder granite and gneiss. The figures show that in this area shot driJling is 
generally slower than percussion drilling. 
Development of a well has been defined as the post-drilling treatment to establi
l1 the 
maximum rate of water yield. Dynamiting was formerly an established method of develop- 
ment in bedrock wells and it is still used occasionally in shot-drilled wells, or in wells of low 
initial yield drilled by other methods. Records for 11 wells drilled in granite, gneiss, and diorite, 
which were later dynamited, show that yields increased in 9 of these wells, the grea1 est in. 
crease in anyone well being from 1.5 to 36 gpm. The two remaining wells showed no change 
in yield after dynamiting. Records of two wells drilled in the Stockbridge limestone which 
were dynamited show that the yield of one remained the same and the yield of the other 
dropped from 16 to 8 gpm. 
In unconsolidated deposits, methods sometimes used to improve the yield of wells in 
the area include surging and overpumping. Both methods are designed to wash the clry, silt, 
and fine sand from the water-bearing formation immediately surrounding the well screen in 
order to build up a natural "gravel wall" around the screen. Where most of the mater
al op- 
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posite the screen is silt or clay, surging and other well-development methods do not ircrease 
the yield appreciably. The overpumping method of developing a well involves pumpiIJ
 at a 
rate that creates excessive drawdown in the well. It is intended primarily to clear turbid water 
in a well. It cannot be used effectively to build up a graded envelope of coarse material around 
the screen. In Putnam County, overpumping is occasionally used in the development of b
drock 
wells in order to obtain clear water. 


Spr ings 
Springs, places where ground water flows naturally to the land surface or into a body 
of surface water, are relatively abundant in the county. At most springs, water flows under 
the force of gravity from openings in the rocks or unconsolidated deposits. In such lo
alities 
they represent in effect an outcrop of the water table. Some springs are little more than seeps, 
in which a small amount of water trickles or oozes from small openings; others are streams in 
which water flows in large quantities from large openings. Most springs in Putnam County 
are small. The average yield of 20 springs is about 6 gpm; the range in yield is fron 1 to 
30 gpm. 
Table 20 gives data on 64 springs for which relatively complete information was ob- 
tained during the survey on which the present report is based. Of these springs, only 6 are 
used for public supplies, and these chiefly for auxiliary use. The yields of 2 of the 6 are il) gpm 
and 14 gpm, respectively. The larger spring, which flows from granite, is used to sup'1ly 90 
families at Lake Peekskill during the winter months. The springs used for public supplies 
generally flow throughout the year, at least in normal years, but many of the smaller f'1rings 
used for domestic and farm purposes flow only a part of the year. The temperature of water 
from springs is about the same as that from wells. For 46 springs the average is 49.5°F, and 
the range is from 44.5°F to 64°F. Water from springs in the county generally contains less 
dissolved solids and is softer than water from wells. Ninteen analyses of water from f'Orings 
are given in table 14. 


Utilization 


Because of the sparse population and lack of industrial development, the use of water 
in the county for all purposes is relatively small as compared with that in other areas in the 
State. The use of water for all purposes and from all sources was at an estimated rate of about 
1,500,000 gallons per day (gpd) in 1950. Of this total, more than 1,000,000 gpd was ol'
ained 
from surface-water sources and less than 500.000 gpd from ground-water sources. f"lrface 
water is used chiefly by the larger communities and industries, whereas ground water is used 
principally by the smaller communities, farms, and rural homes. 
Public supplies.-About a fourth of the public water-supply systems in Putnam County 
obtained water exclusively from wells or springs in 1950. These systems, however, served a 
population of only about 1,000, whereas systems that distribute water solely from surface 
sources served a population of about 11,000. Seven public-supply systems, serving a pop'dation 
of about 3,000, obtained water from both surface-water and ground-water sources. Thus., about 
15,000 people out of a year-round population of about 20,000 obtained water from public- 
supply systems in 1950. Significant changes have occurred since these data were collected. 
For example, the village of Brewster, which formerly obtained most of its water from U'
 East 
Branch of the Croton River supplemented by a smaller amount from well P 106, drilled 9 wells 
(P 825 - P 833) in 1954, and now obtains its entire supply from ground water. 
With respect to amounts, public water systems supplied water at an average rate of 
more than 1,000,000 gpd in 1950. Of this, approximately 900,000 gallons was obtained from 
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streams, lakes, and reservoirs and about 100,000 gallons from wells and springs. The daily 
rate of withdrawal varies widely in response to seasonal changes in demand. Thus, the rate 
of summer use, in many places, is more than double that for the winter. All public-water sys- 
tems that obtain a part or all of their supply from ground-water sources are listed in table. 13. 
Industrial and commercial supplies.-The Industrial Directory of New York State for 
1946 (N. Y. State Dept. of Comm., 1946, p. 647) lists 11 industries in Putnam County, only 
1 of which had more than 50 employees. Most of these industries are in or near the larger 
towns and obtain water from the town systems. The few industries not located near towns are 
generally small. Some of these use surface water. Therefore, the total quantity of ground 
water withdrawn for industrial use in the county is small. It probably did not exceed 100,000 
gallons per day in 1950. 
The few industries using ground water require small amounts which in some cases, can 
be obtained from bedrock wells. Camarco Contractors,Inc., Mahopac, obtains water for quarry- 
ing operations from three wells (P 529, P 530, and P 531) drilled only a few feet apar: in 
gneiss. These wells were joined by setting off a charge of dYnamite at the bottom of the ce,'1.ter 
well, which was 97 feet deep. Even so, the yield of the wells is inadequate, and in the summer 
all water needs exceeding 6,000 gallons per day are met by purchasing water. As the quarry 
is uphill from the supply wells, some of the water used in the quarrying operations prt)b
bly 
seeps downhill and returns to the fractures that supply the wells. 
The plant of the Standard Plastics Co. in Nelsonville obtains water from both the Vil'
ge 
of Nelsonville and from a drilled well (P 774) 118 feet deep. The village water is used for 
boiler feed and drinking, whereas the water from the well is used for cooling and for sanitary 
service. The well is pumped at a rate of 17 to 18 gpm for about 18 hours per day. O
her 
smaller industrial users include: the Castings Corp., Dykemans, which obtains water fro:'Il a 
drilled well (P 197), and D. P. Mossman, Inc., Brewster, which obtains water for preces
ing 
and sanitary uses from drilled well P 894. This well, drilled in the Stockbridge limestone, had 
an insufficient yield in 1954, and plans were being made to drill an additional well. 
Rural supplies.-Rural homes and farms, some suburban sections, and a few villagE.
 in 
Putnam County not served by public water systems must rely on privately-owned wellf or 
springs. Some families depend on rain water collected in cisterns. Streams are generally aV0id- 
ed because of the danger of pollution and the cost of treating the water. In estimating the total 
quantity of water utilized in rural supplies, no great error will be made by assuming that all 
of it is obtained from ground-water sources. On the basis of the 1950 census, it is estimated that 
about 5,000 people in the county live in areas not served by public-water systems. If it is aSf11m- 
ed that the average per-capita use is 50 gpd, then rural use of ground water by permanent resi- 
dents is at a rate of about 250,000 gpd. The use of water is substantially greater during the 
summer months because of the influx of vacationers and part-time residents. Small quant;ties 
of ground water are used by livestock and poultry also. However, the total rate of use for farm 
animals probably does not exceed 10,000 gpd. Only one well, P 179, is known to be used for 
irrigation. Approximately 2,000 gpd is obtained from this well for watering a golf course. 


Chemica I Quality 
Chemical analyses of waters from selected wells, springs, and surface-water sources in 
Putnam County, together with depth of well, water-bearing material, and date of collection, are 
given in tables 14 and 15. The analyses of ground water include 102 partial analyses Dlade 
by the New York State Department of Health and 6 relatively complete analyses mad
 by 
the U. S. Geological Survey. The remaining partial analyses of ground water were obtained 
from commercial and industrial concerns. The geographic distribution of iron and hard 'less 
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in ground waters is given in figure 6; and a summary of some of the chemical characterir
ics 
in relation to the rock formations is given in table 16. In all tables and maps, results are ex- 
pressed in parts per million (ppm) of water except as otherwise shown. For example, a w;1'ter 
sample having an iron content of 2.0 ppm has an iron content equivalent to 2.0 pounds of iron 
dissolved in a million pounds of water. 


Water percolating through the ground dissolves minute quantities of mineral matter. 
The kind and quantity of mineral constituents dissolved depend principally on the follovTing 
variables: (1) the initial composition of the water; (2) the composition of the material thro

gh 
which the water passes; and (3) the length of time the water is in contact with the earth 
materials. Because of longer contact with aquifer materials deep wells in many areas yield 
more mineralized water than shallow wells, and wells in discharge areas yield more mineral
'led 
water than wells in recharge areas. 


Differences in mineral content of the waters of Putnam County may be noted by c.om- 
paring the concentrations of dissolved solids. The average concentration of dissolved se-lids 
based on 66 determinations is 122 parts per million (ppm ), and the range is 36 to 600 p pm. 
Water from areas underlain by the Stockbridge limestone is generally higher in disso
ved 
solids than water from other rocks. Water from other areas is less mineralized, although the 
content of dissolved solids generally increases with depth. The dissolved-solids concentration 
in water from 38 wells in bedrock formations except the Stockbridge limestone is dire
tly 
related to depth. For the 38 wells, water from 15 wells less than 100 feet deep had an average 
of 130 ppm of dissolved solids, water from 15 wells 100 to 200 feet deep had an average of 150 
ppm, and water from 8 wells more than 200 feet deep had an average of 170 ppm. 
Among the chemical constituents and characteristics of water, in addition to dissolved 
solids, that are of much significance in ordinary uses of water are iron and hardness. Figure 6 
shows iron concentration and hardness of ground waters of Putnam County, the nature of 
the source (well or spring), and the locations of the sampling points. Iron differs from Ir"ost 
of the other chemical constituents commonly found in ground water in that concentration'" in 
excess of about 0.3 ppm give a characteristic taste and cause staining. Iron in ground wate"" in 
Putnam County is probably dissolved ultimately from iron-bearing minerals such as bio
ite, 
hornblende, and magnetite. If the water is still corrosive when it reaches a well, it may dis- 
solve iron from the casings and iron pipes through which the water passes. Concentrae
ns 
for iron listed in table 14 range from 0.0 ppm to 0.3 ppm. Iron concentrations in exces
 of 
0.3 ppm preferably should not be exceeded in domestic water (U. S. Public Health Service, 
1946). As shown in table 16, the iron concentration generally is highest in water from w
lls 
or springs in areas underlain by granite, gneiss, and schist, and lowest in water from w
lls 
or springs in areas underlain by the Stockbridge limestone. 
Hardness affects the suitability of water for many uses. It is recognized by the increc
ed 
quantity of soap required to produce a lather and by the scale formed in vessels in which the 
water is heated. Hardness is generally caused principally by calcium and magnesium, but iron, 
aluminum, and other substances, which are generally present only in negligible quantities, may 
contribute to it. A hardness of less than 50 ppm does not interfere with the use of water for 
most purposes. Water having a hardness of more than 150 ppm is rated as hard, and such water 
is commonly softened for household and other uses. The values for hardness listed in table 14 
show that the average hardness of the ground-water samples collected in the county is 70 
ppm; the range is 12 to 480 ppm. Many of the ground waters in Putnam County are soft. The 
median hardness of water from all the bedrock formations except the Stockbridge limestone 
is less than 100 ppm. By contrast, water from the Stockbridge limestone has a median hardness 
of 176 ppm. The map (fig. 6) shows areal distribution of these values. 
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Table 15 shows that ground water from bedrock and unconsolidated deposits is rela- 
tively uniform in chemical quality throughout the year, although the dissolved solids tend to 
be slightly higher in the fall and winter than in the spring when recharge is greatest. Vrater 
from the unconsolidated deposits is similar in chemical character to water from the underlying 
bedrock. This is due to several factors, most important of which are the fact that most (Jf the 
material composing the unconsolidated deposits was derived from the bedrock in the vic
nity, 
and that, in valleys and other low areas, much of the water in the unconsolidated deposit:
 has 
percolated upward from the underlying bedrock. Table 16 contains chemical data on sanples 
of water from both bedrock and unconsolidated deposits. Comparison of the determined 
averages shows that water from wells tapping the unconsolidated deposits where the under- 
lying bedrock is not limestone has a median total hardness of 75 ppm, essentially the sane as 
that of water from wells drawing from bedrock in the same area. Water from wells tapping 
the unconsolidated deposits where the underlying bedrock is limestone has a median total 
hardness of 220 ppm, which is somewhat greater than the average of 176 ppm for water ob- 
tained in the Stockbridge limestone. 
Studies in some areas (Ast, Finn, and McCaffrey, 1950, p. 716-727) show that the con- 
centration of fluoride in drinking water has marked effect on the condition of children's teeth. 
Concentrations of about 1.0 ppm apparently have a beneficial effect, tending to lessen tr
 in- 
cidence of tooth decay. Concentrations greater than 1.5 ppm tend to cause mottling of the 
enamel of the permanent teeth of children who habitually use the water. Only one o
 the 
18 values for fluoride listed in table 14 exceeded 0.2 ppm. This concentration, 0.6 ppm, is in 
water obtained in gneiss from well P 776. 
In summary, the ground water in Putnam County, regardless of whether it is d-awn 
from the bedrock or from the unconsolidated deposits, falls into two main types, soft \pater, 
low in mineralization but locally high in iron, obtained from all noncarbonate rocks, and from 
overlying unconsolidated deposits, and hard water, relatively high in mineralization but low 
in iron, obtained from the Stockbridge limestone and overlying unconsolidated deposits. 
Analyses of 14 samples of surface water are listed at the end of table 14. These anrlyses 
show that the mineral content of the surface waters in Putnam County is relatively low. The 
dissolved-solids concentration of 7 samples ranged from 32 to 77 ppm, and the hardn€.

 of 
14 samples ranged from 15 to 48 ppm. 


Temperature 
Ground water in Putnam County, as elsewhere, is comparatively uniform in temperature 
throughout the year. This uniformity, and the fact that ground-water temperature is gen- 
erally within a few degrees of the mean annual air temperature and thus is lower than that 
of surface water in the summer, makes ground water especially desirable for use in CC<1ling 
and air conditioning. The mean annual air temperature at Carmel is 48.5°F and the aVi'
rage 
of the temperature of ground water in the 152 wells for which measurements are available 
is 50°F. Temperature measurements of water from wells are shown in table 19, and thoS'
 for 
springs are shown in table 20. Most of these measurements were made during the spring and 
summer and, therefore, may show slightly higher temperatures than measurements made at 
other times. 
Studies in other areas have shown that ground-water temperatures have a small sea<"()nal 
fluctuation down to a depth of 50 to 100 feet. These fluctuations are due principally to dif- 
ferences in the temperature of the water that reaches the zone of saturation at different times 
during the year. Thus, recharge from melting snow in late winter and early spring is relatively 
cold. During the summer and fall, rainfall having a temperature as high as 70°F reache
 the 
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water table and displaces the colder water. This displacement is accompanied by an exchange 
of heat between the two waters. Thus, deep wells show smaller seasonal fluctuations than 
shallow wells. These general relations are well illustrated by a series of measurements made 
near Patterson by Mr. Starr Jones. Mr. Jones took monthly temperature readings, nearly simul- 
taneously, on the water of a small brook, on the 6-foot dug well, P 461, and on the 73-foot 
drilled well, Du 840, in Dutchess County. These measurements, together with average m9nthly 
air temperatures at Carmel, are shown in figure 7. The average monthly air temperature at 
Carmel generally ranges from a high of about 70°F in July and August to a low of about 
30°F in December, January, and February. The graphs of monthly temperature measurements 
for the brook and wells are considerably more irregular than the graph of the air te]npera- 
tures. It is apparent, however, that the temperature of the brook coincides more closel: T with 
the air temperature and has a greater seasonal fluctuation than does the water in the s1tallow 
dug well. The temperature in the dug well, in turn, shows greater seasonal fluctuatior than 
does water temperature in the deeper drilled well. In addition to the decrease in amplit'lde of 
seasonal fluctuation with depth, maximum and minimum ground-water temperatures show 
a time lag with reference to air and brook temperatures and the lag is greater for the deeper 
well than for the shallower. 
Figure 7 is believed to indicate general relations of the temperature of air, surf,ace 
water, and ground water, not only in the Patterson area but in other parts of the cour
y. At 
several other places in Putnam County one set of similar measurements was made wh
rever 
a well or spring accessible for temperature measurements was located near a stream. Tempera- 
tures of the stream, the air, and the well water were determined at about the same time. 
Table 17 shows the results of these multiple readings at seven localities in the county. Al- 
though no important conclusions can be drawn from these scattered measurements, they seem 
to conform to the pattern illustrated in figure 7. For example, in April 1950 at well P 425 
the air temperature was 33°F and the well-water temperature 49°F. In July 1950, on a sum- 
mer day at well P 527, the temperature of the air was high, that of the ground water was 
low, and that of the surface water was intermediate. 


SUMMARY 


Essentially all the ground water in Putnam County is derived from precipitation within 
the county. Its occurrence, quality, and availability, however, are controlled largely by the 
nature of the rock formations of the county. The formations consist of consolidated rocks, 
which underlie the entire county, and unconsolidated deposits which cover the bedrock every- 
where, except in some upland areas, and are relatively thick in the principal valleys. TI'
 con- 
solidated rocks are largely crystalline and include four units that are similar in most water- 
bearing properties. The average yield of these rocks, including the undifferentiated granite and 
gneiss, the Stockbridge limestone, and the Hudson River formation, is about 12 gallo"1s per 
minute, ranging from 0 to 120 gpm. The Pochuck diorite, with an average yield of 19 p;>m, is 
the only formation that may be more permeable than the other consolidated rocks. The perme- 
ability of most of the bedrock formations is controlled directly or indirectly by joints and 
other secondary openings. The most prolific bedrock wells are in valley areas where joirts and 
other openings are more abundant and where recharge to the bedrock is facilitated by fav0rable 
topographic location and the presence of permeable overlying deposits. Water from most of the 
crystalline rocks is generally soft and low in dissolved solids, although it may contain trouble- 
some quantities of iron. Water from the Stockbridge limestone is hard and relatively 1'1gh in 
dissolved solids, but low in iron. 
Of the four principal unconsolidated deposits in the county, only two, both a part of the 
glacial drift, are widely used as sources of ground water. Stratified drift consisting o.
 sand 
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Table 17_Tempe
atures of ground water. surface water. and air. 


Well or Temperature (OF.) 
spring Date Ground Surface Remarks 
number water streams Air 
P 32 11-30-51 55 57 68 Well about 75 feet from 
Wiccopee Brook. 
P 425 4- 9-50 49 .... 33 
P 461 11-30-51 49 39 58 
P 527 7-13-50 63 71 76 Well about 125 feet 
from brook. 
P 28Sp 2-22-54 44.5 44 50.5 Spring only about 4 
feet from brook. 
P 98Sp 6- 8-50 46 65 85 Spring about 6 feet 
from brook. 
P 113Sp 8-11-50 53 62 ... . Spring about 20 feet 
from brook. Water 
level in spring 
1-2 feet higher than 
in brook. 
Average 51 56 62 
Extremes High 63 71 85 
Low 44.5 39 33 
Range 
(High minus 
low) 18.5 32 52 


and gravel is the most prolific water producer in the county and is capable of yielding r
veral 
hundred gallons of water a minute to properly developed wells. Unstratified drift c')nsists 
principally of till, which is widespread but which yields sufficient water only for sm
ll do- 
mestic use to dug wells. Stratified deposits that are not used as sources of ground water in- 
clude fine-grained deposits, such as the clays and silts partly filling the valley of the Hudson 
River, the valley of the East Branch of the Croton River, and Barger Pond. These deposits are 
relatively impermeable and may act as confining beds retaining water under artesian pr
ssure 
in the underlying or interbedded coarser deposits. Recent alluvium produces little water be- 
cause it is thin and of small extent. In chemical quality, water from the unconsolidated de. 
posits resembles that from the underlying bedrock. It is soft and low in dissolved solids, but 
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locally high in iron where the underlying bedrock consists of noncarbonate rocks. Convers
ly, 
it is hard and comparatively high in dissolved solids, but low in iron, where the bedrock is the 
Stockbridge limestone. 
Thus, ground water of acceptable chemical quality can be obtained almost anywl'
re 
in the county. The largest supplies are obtainable from sand and gravel. Smaller supplies ade- 
quate for domestic and farm use may be obtained almost anywhere in the county from drilled 
wells in bedrock. Ground water is used on a small scale in most of the county, and there arc no 
known areas where the supply is being critically depleted. The overall supply is adequate for 
present needs and is capable of supporting much larger withdrawals in the future. 
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EXPLANATION OF TABLES 


All wells and springs listed in the following tables were numbered arbitrarily in the 
order in which the records were collected. The system of location coordinates used is be 
ed 
on the intersection of two coordinates, "15" and "X", in the northwestern part of the nlap, 
plate 1. Wells and springs can be located from this reference point by direction and distance. 
For example, well P 1 (15X, 4.1S, 1.3E) can be located by measuring 4.1 miles south and 
1.3 miles east of the point where lines "15" and "X" cross. 
Topographic location is somewhat subjective, especially where wells and springs are 
halfway between a hilltop and a hillside, or between a hillside and a valley. In such cases, wells 
and springs above a pronounced break in slope are assigned to hilltops, rather than hillsides, 
and those below a pronounced break in slope are assigned to valleys, rather than hillsides, In 
cases where no pronounced break in slope occurs, the hillside is considered to lie between 
the contours 40 feet below the top of the hill and 40 feet above the valley floor. Thus, all wells 
more than 40 feet vertically downhill from a hilltop on a fairly uniform slope and more than 
40 feet above a valley bottom, are classified as hillside wells. Wells less than 40 feet above a 
stream, lake, swamp, or valley bottom are classified as valley wells. 
Most of the information in the tables of well and spring records (tables 19 and 20) is 
based on reports from owners or drillers. In the case of drilled wells, most of the data on 
depth of well, depth to bedrock, and depth to water level have been copied from drillers' rec- 
ords. These data are rounded off to the nearest foot. Water levels measured by the Geological 
Survey are reported to the nearest tenth of a foot. The depths to bedrock and other meaSTlre- 
ments shown with plus-or-minus signs ( + ) are approximate, and those followed by a question 
mark may be in eITor by several feet. In most cases, yields are based on short bailing or 
pumping tests. Therefore, many of the reported yields are too high, although a few may be 
too low. Altitudes have been estimated from topographic maps and are thought to be accw.ate 
to within 10 to 20 feet. 
Data on water-bearing material in tables 19 and 20 and data on drawdown and pump- 
age in the "Remarks" column, table 19, are chiefly from the memory of the person suppl)ing 
the data. Information on water-bearing formations supplied by drillers and owners was f"lP- 
plemented by data from published and unpublished geologic reports and field observations. 
Temperature readings were made by the Geological Survey unless noted otherwise. 
Data on use of water in tables 19 and 20 are given in capitol letters for major catego:-ies 
and small letters for minor subdivisions. Thus "AId" for well P63 indicates a farm well, "A", 
supplying water to both the farm house, "d", and livestock "1". The former use or inten1ed 
use of a well or spring is given, when known, even though the well was not in use when visited. 
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Table 18_Drillers' logs of selected wells in Putnam County. 


(Location coordinates are explained in section, "Explanation of tables". All logs from drillers unless otherwise 
indicated. Formation names in italics are taken from the geologic map.) 


P 5; 15X, 1.4S, 3.9E; drilled by P. F. Beal & Sons in 1937. 
"Hardpan" 1 ........................ .......................................... .......... ............ .... 
"Granite," gray (water at 50 £1. and 75 £1.) .................................... 
Quartz, hard (main water-bearing zone) ......................... ......... ........ ...... 
Granite, gray .......... ........................ .... ............................ ................. ......... 
Yield about 20 gpm. 
P 21; 15X, 4.3S, 4.4E; drilled by Hugh McLean & Sons in 1946. 
Sand, fine, yellowish (water-bearing).. .................................. .............. 
"Granite," micaceous, weathered (several water-bearing zones) .... 
Yield 30 gpm. 
P 41; 15X, 8.8S, 4.6E; drilled by Hugh McLean & Sons in 1948. 
"Hardpan" and boulders.......................................................................... 
Gravel, brown, coarse (water-bearing)..................................... ........... 
Yield 4 gpm. 
P 75; 15X, 10.5S, 4.4E; drilled by P. F. Beal & Sons in 1936. 
Topsoil and muck................................................................. ......... .......... 
Wood and other organic .. material........................................................ 
Clay, gray .......................................................................................... ...... 
Sand, fine, gray ........................................................................................ 
Gravel, (main water-bearing zone) ........................................................ 
Yield about 48 gpm. 
P 101; 15Y, 1.0N, 7.5E; drilled by George Baker in 1948. 
Sand, yellow, clean ....................................................... ................... ........ 
Limestone, white (main water-bearing zone at 80 ft.) ...................... 
Yield 25 gpm. 
P 103; 15Y, 4.1S, 3.6E; drilled by Frank Carroll in 1947. 
"Hardpan" and boulders ................ ........ ...... .... ............ ............... ........... 
Sand, coarse ...................... ....................... ..... ....... ..... .......... ....... ............. 
Granite (water-bearing at 87 ft., main water-bearing zone at 
122 ft.) . .............................................................. ......... ..... ....... .............. 
Yield 20 gpm. 
P 106; 15Y, 7.3S,6.8E; drilled by P. F. Beal & Sons in 1901. 
Clay ............ .................................... .......................... ........................ .......... 
Granite (water-bearing at 46 £t., 86 ft., 104 £1. and 151 ft.) ............ 
Yield 8 gpm. 
P 108; 15Y, 10.2S, 1.3E; drilled by P. F. Beal & Sons in 1948. 
"Hardpan" with cobbles ........................................ ............... ............ ..... 
"Hardpan," no cobbles ................................. ............. .... ..... .......... ........... 
Rock (gneiss) (main water-bearing zone near bottom) .................... 
Yield 3 gpm. 


1 "Hardpan" as used in most of these logs presumably refers to J:lacial till. 
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Thickness Depth 
(feet) (feet) 
12 12 
138 150 
25 175 
25 200 


25 
127 


25 
5 


2 
3 
8 
7 
10 


10 
127 


18 
2 


105 


20 
218 


5 
42 
113 


25 
152 


25 
30 


2 
5 
13 
20 
30 


10 
137 


18 
20 


125 


20 
238 


5 
47 
160 



Table 18.-Drillers' logs of selected wells in Putnam County.-(ContinuedJ 
Thickness D ::pth 
(feet) (feet) 


P 125; 15X, 9.7S, 10.5E; drilled by P. F. Beal & Sons in 1949. 
"Hardpan," few boulders .. .... ............................................................ 
Gravel (water-bearing) .. ........................................................................ 
Rock, micaceous, weathered .................................................................. 
Rock, brown, micaceous (main water-bearing zone at 190 ft.) ........ 
Yield 11 gpm. 
P 143; 15Y, 9.7S, 5.2E; drilled by Louis Malanchuk & Son. 
Clay ............................................................................................................ 
Clay, white, wet ..................................................................... ...... ..... ...... 
Clay, varicolored, mostly yellow............................................................ 
Dry hole 
P 177; 15Y, 8.8S, 6.6E; driven well. 
Soil .................................................................. .......................................... 
Sand and gravel, gray (main water-bearing zone at 10-12 ft.) ........ 
Yield about 20 gpm. 
P 201; 15Y, 5.0S, 11.0E; drilled by Frank Carroll in 1947. 
Soil .............. ...................................................................................... ........ 
Granite, fissured (no water) .......... ...................................................... 
Granite, fresh (main water-bearing zone at 120 ft.) ........................ 
Yield 18 gpm. 
P 307; 15X, 4.2S, 4.4E; drilled by Hugh McLean & Sons in 1943. 
Boulders with some gravel ................................................. ..... ..... ......... 
"Rotten granite" (Pochuck diorite) (15 gpm at 80 ft.) ................ 
Yield 25 gpm. 
P 379; 15X, 1.5S, 10.4E; drilled by Frank Bacon in 1949. 
Soil ............................................................................................................ 
"Hardpan" and boulders, streaks of gravel...................................... 
Granite, gray and black (main water-bearing zone at bottom) ........ 
Yield 7 gpm. 
P 380; 15X, 1.7S, 12.3E; drilled by Frank Bacon in 1947. 
Soil .................................................. .......... ................................................ 
"Hardpan" and boulders ................................................. ....... ..... ........... 
Gravel, brown ................................................................... ....................... 
Granite, gray (water "veins" from 14 ft. to bottom) .................... 
Yield 30 gpm. 
P 383; 15X, 0.9S, 5.8E; drilled by Chester Pucky in 1942. 
Soil .................................................................................... ........................ 
Clay and "hardpan" ....................... ................................................. ........ 
Granite (no water) ................. ............................................................... 
"Quartz stringer" (main water-bearing zone at 97 ft.) .................... 
Yield 2.5 gpm. 
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50 
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8 
131 


80 
60 
85 


2 
16 


4 
16 
105 


35 
192 


1 
12 
96 


2 
4 
7 
59 


1 
5 
91 
3 


50 
52 
60 
191 


80 
140 
225 


2 
18 


4 
20 
125 


35 
227 


1 
13 
109 


2 
6 
13 
72 


1 
6 
97 
100 



Table 18.-Drillers' logs of selected wells in Putnam County.-(Continued) 
Thickness Depth 
(feet) (feet) 


P 391; 15Y, 7.8S, 2.9E; drilled by P. F. Beal & Sons in 1942. 
Soil and clay ........ .............................................. .................... ....... ........... 
"Hardpan," yellow, loose (water-bearing) .......................................... 
Granite, whitish, micaceous .................................................................... 


Yield 1.5 gpm. 
P 418; 15Y, 0.9S, 9.2E; drilled by George Baker in 1948. 
Soil ...................................................................................................... ...... 
Schist, gray and black (Hudson River formation) (first water at 40 
ft., main water-bearing zone at 80-85 ft.) .................................... 
Yield 6 gpm. 
P 472; 15Y, 3.2S, 11.2E; drilled by Rutledge & Sloat in 1938. 
"Hardpan" and boulders ........................................................................ 
Granite, coarse-grained (main water-bearing zone at 100 ft.) 
Yield 2 gpm. 
P 473; 15Y, 1.8S, 10.9E; drilled by Walter Nelson in 1949. 
Soil .............................................. .................................................... ...... 
Clay and boulders .... ................................................................................ 
Granite, gray (main water-bearing zone at 117 ft.) ........................ 
Yield 1 gpm. 
P 478; 15Y, 0.7N, 6.9E; driven by Jesse Knapp. 
Soil (underlain by 1 inch of brown clay) ............................................ 
Gravel, gray (water-bearing) ................................................................ 
Yield 8 gpm. 
P 485; 15Y, LIS, 6.2E; drilled by P. F. Beal & Sons in 1934. 
Soil .......................................................................... ................... ..... .......... 
Clay .........................................................................................:.................. 
Limestone, white (Stockbridge limestone) (main water-bearing 
zone at bottom) .... ................. ..... ......................... ................. ..... ......... 
Yield 5 gpm. 
P 499; 15Y, 4.5S, 5.7E; drilled by P. F. Beal & Sons in 1949. 
Soil, swampy .............................................................. ...................... ........ 
Quicksand ................................................................................................ 
"Hardpan" .................. ... ....... ..... ......... ...... ....... ..... ...... .... ....... ..... ....... ....... 
Granite (main water-bearing zone at bottom) .................................. 
Yield 15 gpm. 
P 519; 15X, 7.1S, 11.8E; drilled by Louis Malanchuk & Son in 1949. 
"Hardpan" and boulders ................................................ ............ ............ 
Granite, hard (sole water-bearing zone at 90 ft.) ............................ 
Yield 15 gpm. 
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60 
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Table 18.-Drillers' logs of selected wells in Putnam County.- ( Continued) 
Thickness Depth 
(feet) (f..!et) 


P 537; 15X, 5.0S, 12.3E; drilled by P. F. Beal & Sons in 1939. 
"Hardpan" and small cobbles . ..... ..... ..................................................... 
Granite, fresh (main water-bearing zone at 23 ft.) ............................ 
Yield 5 gpm. 
P 541; 15Y, 3.5S, 3.2E; dug by Harry Hunt. 
Clay "hardpan" with boulders .... ............ ..... ............. ......... ........ ........... 
Rock, soft, weathered ......... ............ ....................................... ............ ...... 
Rock, hard (gneiss) ......... ............ ..... ...................... ........................ ........ 
Yield unknown. 


P 558; 15Y, LOS, 0.2E; drilled by Charles Post about 1935. 
Clay and boulders ..... ......... ........ ........ ......................... ....... ...................... 
Granite, fractured (some water) .......................... ........... ..................... 
Granite (main water-bearing zone at 85-90 ft.) ................................ 
Yield 5 gpm. 
P 562; 15X, O.lN, 12.0E; drilled by Frank Carroll. 
Hardpan, no boulders . ........... ...... ..... ..... ......... .............. ............... .......... 
Rock (granite) .................................. .................................... .................... 
Rock, soft, weathered, micaceous (trickle of colored water) ............ 
Rock, hard, some caving (water from soft, micaceous zones at 60 
ft. to 90 ft.) .............. .............. ............................................................ 
Yield 18 gpm. 
P 577; 15X, 9.9S, 7.5E; drilled by Chester Pucky in 1949. 
Clay with large boulders (no water) .................................................... 
"Granite" (Pochuck diorite) (main water-bearing zone at 75-90 ft.) 
Yield 8 gpm. 
P 579; 15X, 7.8S, 5.9E; drilled by R. L. Keller in 1950. 
Boulders and gravel ................................................................................ 
Granite, hard (main water-bearing zone near bottom) .................... 
Yield 12 gpm. 
P 613; 15X, 1.3S, 10.3E; test hole for Delaware Aqueduct; drilled by 
Sprague & Henwood in 1931; data from N. Y. City Board of Water 
Supply. 
Earth and small stones .......... ..... ............. ... ....... .......... ....... ... .................: 
Rock, weathered, fractured .................................................................... 
Granite gneiss, hard, light-colored with hornblende streaks ............ 
Granite gneiss (fractured from 74 ft. to 161 ft.) ............................ 
Granite gneiss, layers and fractures dip 60 0 to 70 0 ........................ 
Granite gneiss .......................................................................................... 
Granite gneiss, dip 62 0 at 282 feet with hornblende bands dipping 
50 0 ............................................................................................... ......... 
Gneiss ........................................................................................................ 
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20 
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18 216 
63 279 
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9 317 
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Table 18.-Drillers' logs of selected wells in Putnam County.-(Continued) 
Thickness Depth 
(feet) (feet) 


Gneiss, softer, fractured, with serpentine to 311 ft., fractures dip 
60 ° .. ................................ ............................ .......................................... 
Gneiss, solid to fractured ....................................... ................... ... ....... .... 
Gneiss, solid, except for one seam at 374 ft. (dip 60°) ................ 
Gneiss, hard, broken (dip 47°) .............................................................. 
Gneiss, uniform, unbroken except at 407 ft. - 423 ft. ................ 
Gneiss, high in biotite and hornblende or high in feldspar ............ 
Gneiss, solid, generally uniform ............................................................ 
Gneiss, uniform (high in quartz at 547 ft. - 548 ft.) .................... 
Gneiss (fragmented from 566 ft. - 576 ft.) .................................... 
Gneiss, with hornblende and biotite .................................................... 
Gneiss, solid (fragmented from 586 ft. - 596 ft.) .......................... 
Gneiss, fragmented, hornblende and biotite from 607 ft. - 610 ft. 
Gneiss, with hornblende . ....................................................................... 
Gneiss, soft, with biotite, fractures readily.......................................... 
Gneiss with layers of biotite and hornblende dipping 60° to 70°; 
quartz from 648 ft. - 649 ft. ............................................................ 
Gneiss, uniform, solid, with scattered layers of biotite and horn- 
blende .................................................................................................... 
P 621; 15X, 5.2S, 1.2E; test hole for Catskill Aqueduct drilled by Amer- 
ican Diamond Rock Drilling Co. in 1907. Data from N. Y. City 
Board of Water Supply. 
Water (Hudson River) ............ ......................................................... ....... 
Silt (sand and silt from 130 ft. - 146 ft.) ........................................ 
Sand and clay ................................................................... ............... ........ 
Sand and clay (wood fragments from 172 ft. - 178 ft.) ............ 
Gravel, coarse ............................. ................................... ............... ..... ...... 
Sand, fine, black ............ ..... ........... ........................... ............. .................. 
Hardpan .............................................................................. ............... ....... 
Sand, black, and boulders (no boulders from 248 ft. - 259 ft.) 
Sand, black, and gravel (boulders at 292 ft.) .................................. 
Sand, fine ........................................................................... .......... ............. 
Boulders ................................... ................................................................. 
P 623; 15X, 4.7S, 2.9E; test hole for Catskill Aqueduct drilled by C. H. 
McCarthy in 1907. Data from N. Y. City Board of Water Supply. 
Sand, gravel, and boulders .... ........................................ ..... ..... .............. 
Hardpan and boulders ..................... ................ ........ ................ ............... 
Granite, lower few feet disintegrated.................................................... 
Granite, decomposed and disintegrated (crush zone along fault, 
flowed 10 gpm at depth of 80 ft. and 15 gpm at 253 ft.) ............ 
P 627; 15X, 4.0S, 1.7E; test hole for Catskill Aqueduct; drilled by N. Y. 
City Board of Water Supply in 1908. Data from N. Y. City Board 
of Water Supply. 
Loam ........................................................ .................. .............................. 
Gravel and clay ............. ................. ............................ .............................. 
Gravel and boulders ........................................... ......................... .......... 
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34 341 
31 372 
9 381 
9 390 
96 486 
19 505 
42 547 
5 562 
14 576 
10 586 
13 599 
12 611 
20 631 
8 639 
10 649 
15 664 
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Table 18.-Drillers' logs of selected wells in Putnam County.-fContinuedJ 
Thickness 
(feet) 
3 
3 
27 
3 
26 


Gravel ........................................................................................................ 
"Sandstone" boulders ........ .., ........... ........ ............................... ...... ........... 
Clay, blue, and gravel .. ......... .......... .................................... ........... ........ 
Clay, gravel and boulders .............. ..................... ..... ................... ........... 
Gneiss ... . . . . . . . . . . . . . . . .. . . . .. . . . . . .. . . . .. . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . .. . . .. . . 


P 636; 15X, ILlS, 5.2E; test hole for Catskill Aqueduct; drilled by 
Healey Co. in 1906. Data from N. Y. City Board of Water Supply. 
Sand and gravel ...................................................................................... 
Sand, gray, clean, high in quartz .......................................................... 
Sand, coarse, clean, and gravel............................................................ 
Sand (granite boulder fragment from 45 f1. - 47 f1.) ................ 
Sand, fine, and clay ................................................................................ 
Sand and gravel.. ..... ....... ....... ....... ..... ................................ ......... ........ ...... 
Sand, light brown, clean ......... .......... ...... ................... .............. ........ ...... 
Sand and gravel ............................................................ ................ .......... 
Sand, brown, and clay...... ....... ..... .................... ........................... ........... 
Sand, fine, brown .............................................................................. ...... 
"Grenville limestone" ............................................................................ 
P 788; 15Y, 5.9S, 7.0E; driven by P. F. Beal & Sons about 1920. 
Clay, blue .............................. ........................................................ ...... ...... 
Sand, fine, gray .................................. ................................................ ...... 
Sand, gray, and gravel .. ....... ............ ............. .......... ............ ...... .............. 
Yield about 12 gpm. 
P 794; 15Y, 7.2S, 8.0E; drilled by Louis Malanchuk & Son in 1953. 
Made land .. ......... ....... ..... ....... ...... ...... ................ ....... ..... ....... ..... .... .......... 
Soil . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . .. . . . . . .. . . .. . . . .. . . . . . .. .. . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . .. .. . .. . . . 
Clay, gray ......... ..... .............................................. ..... ....... ....... ............. ...... 
Sand and gravel, light-colored . ....... .................. ....... ....... ..... ..... ....... ....... 
Limestone, white, alternately hard and soft (Stockbridge limestone) 
Yield 30 gpm. 
P 892; 15Y, 8.5S, 1.8E; drilled by Louis Malanchuk & Son in 1954. 
Roadbed, made ........ ...... ........ ............ ............................................ ..... ..... 
Hardpan . ..... ........ ...... .... .......... .... .... ....... ................. .... .... ........ ... ..... .......... 
Clay, blue, with boulders (5 gpm at about 75 ft.) .......................... 
Clay, blue, with boulders (thin streak of sand at 122 f1.) ............ 
Rock, rotten (some water) .................................................................... 
Rock, fresh, black (gradual increase in yield) .............................. 
Yield 15-20 gpm. 
P 893; 15Y, 6.2S, 7.1E; drilled by Louis Malanchuk & Son in 1954. 
Soil, brown .............................. ................................ .............. .......... ........ 
Gravel, brown (no water) ................................... ................ ................... 
Clay, blue .................. .............................................. ....... ........................... 
Boulder .................................................................................................... 
Clay, blue ............ ..... ..... ..... ......................... .... ............ ............ ....... ........... 
Gravel, brown (sole water-bearing zone) ............................................ 
Yield 20+ gpm. 
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